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Plain language summary

Complications in early pregnancy include miscarriage, ectopic pregnancy (when the pregnancy develops in the wrong place, usually in the Fallopian tube) and molar pregnancy (when the pregnancy develops abnormally). If women have pain or bleeding in early pregnancy, it makes the chance of one of these complications more likely, so they will usually be offered an ultrasound scan. If the pregnancy cannot be seen on the scan (this is known as a pregnancy of unknown location or PUL), or the pregnancy is ectopic or molar, we take blood tests from the pregnant woman to measure chemicals known as biomarkers. This can give us more information about the status of pregnancy, and help plan any follow-up, or decide which treatment might be best. 

Common biomarkers already in daily use include human chorionic gonadotropin (hCG), which is the hormone tested in a pregnancy test. Another commonly used biomarker is progesterone.  Measuring these hormones in blood tests can be useful for planning when a woman with PUL should be followed up. They can also be used to see if an ectopic pregnancy has stopped growing without treatment, and if a molar pregnancy needs further treatment. However, they should not be used to make a definite diagnosis of ectopic pregnancy or miscarriage, because sometimes healthy pregnancies show similar results. 

Many other biomarkers, such as PAPP-A, which is also used for screening in later pregnancy, have been found to be different in miscarriage or ectopic pregnancy compared to a normal pregnancy, but they are not used routinely. This is because, by themselves, they do not seem to be good enough at predicting the outcome of the pregnancy, or what treatment is needed, and also because they may not be widely available. In the future, we hope to find other markers to help us predict and diagnose miscarriage or ectopic pregnancy more accurately. We may also be able to combine the results of a few biomarkers to create better tests.

This paper aims to summarise the current value of biomarkers in early pregnancy, and how they can be used safely. This is important because if these tests are used in the wrong way, it could result in harm to a healthy pregnancy, or unnecessary surgery. 
 

1. Background 

The World Health Organization defines a biomarker as ‘any substance, structure or process that can be measured in the body or its products and influence or predict the incidence of outcome or disease’(1). In early pregnancy, the most commonly used biomarkers to predict outcome have been serum human chorionic gonadotrophin (hCG) and progesterone. 

Transvaginal scanning (TVS) has revolutionised the diagnosis of early pregnancy complications and is now considered the diagnostic test of choice for both the location and development of the pregnancy.  If an ectopic pregnancy is diagnosed, biomarkers may help distinguish those patients who will need surgery from those in whom conservative management is likely to be successful. The term pregnancy of unknown location (PUL) describes a clinically stable woman who presents with a positive pregnancy test, but no evidence of normally sited or ectopic pregnancy on TVS(2). A biomarker that determines the risk of needing medical or surgical intervention could be used to rationalise follow-up in such cases. Finally, it might allow prediction of the likely outcome of a normally sited early pregnancy (i.e. miscarriage or progression towards viability). 

The ideal biomarker should be consistent, accurate, inexpensive, and usable at the point of care(3). A reliable biomarker should reduce not just the clinical burden, but also the emotional burden of uncertainty in pregnancy for the pregnant person and their family.

In this Scientific Impact Paper, we discuss the current use of biomarkers, controversies, and their potential future use. 


2. Human chorionic gonadotrophin (hCG) 

Serum hCG is the most widely available biomarker used in routine clinical practice for the assessment of patients with suspected early pregnancy complications. hCG level is directly related to the amount of active villous trophoblast, which doubles every 1.4–1.6 days from the time of first detection to day 35 of pregnancy, and then every 2.0–2.7 days until day 42 of pregnancy (4). There is a wide range of hCG levels in normal early pregnancy: levels peak at a median of approximately 75,000IU/L at 9 weeks’ gestation, at which stage 2.5% pregnancies have hCG <2,4310IU/L and 2.5%  hCG>125,882IU/L(5). Slower doubling times have been shown to be associated with miscarriage, but hCG ratios cannot reliably be used to rule out normally developing pregnancy with certainty(6).  

Pregnancy of unknown location (PUL)

hCG levels are routinely measured in cases where the location of the pregnancy is not confirmed on ultrasound (PUL). It had previously been proposed that in patients for whom a eutopic (correctly-sited) pregnancy cannot be confirmed during TVS, a single measurement of serum hCG above 1000IU/L (known as the discriminatory zone) is indicative of an ectopic pregnancy(7). However, it has since been shown that, in as many as 78% of patients with ectopic pregnancies visible on ultrasound, hCG values are below 1000IU/L(8, 9). Furthermore, a number of normal eutopic pregnancies cannot be detected on ultrasound despite initial levels greater than 1000IU/L(9). This is most likely to occur in patients with abnormal, enlarged uteri and in multiple pregnancies. hCG levels are also expected to remain high initially after miscarriage as it takes time to be eliminated from the maternal bloodstream (10). The use of hCG cut-off levels in these scenarios could lead to misdiagnosis of ectopic pregnancy, and therefore the unintended medical or surgical termination of normally developing eutopic pregnancies, or unnecessary surgery when a miscarriage has already occurred(11). 

Serial hCG measurements are more useful(11). A declining hCG is indicative of a failing pregnancy, regardless of location. In most ectopic pregnancies, there is a suboptimal rise or a fall in hCG. However approximately 20% of ectopic pregnancies will have rapidly increasing hCG levels that mimic a normally developing eutopic pregnancy, and 8% will have a decline that mimics miscarriage (6, 12). As a result, the pattern of hCG should not be considered diagnostic. Instead, interpretation aims to rationalise follow-up of PULs. Current national guidance suggests that an increase in hCG over 48 hours of less than 63%, or a drop of less than 50%, should prompt review in an early pregnancy unit within 24 hours due to a higher risk of ectopic(13). Logistic regression models use the rate of change in hCG (with or without initial progesterone level also incorporated) over two days to generate a risk of a PUL being ectopic (14). A high risk of ectopic should trigger timely clinical re-assessment and repeat ultrasound scan. Conversely, a declining hCG supports continued expectant management of PUL. In pregnancies conceived via in vitro fertilisation, a single β-hCG <100IU/L in those with a PUL at more than 5 weeks gestation has been associated with a <2% risk of intervention(15). 

Ectopic pregnancy 

Serum hCG measurement is widely used in the management of ectopic pregnancy, both to select appropriate management and to monitor reabsorption or complete surgical removal of the villous tissue. Current usage in the management of tubal ectopic pregnancy (TEP) is covered in the Green Top Guideline No. 21 Diagnosis and Management of Ectopic Pregnancy and the NICE guideline Ectopic Pregnancy and Miscarriage (13, 16).

Advances in ultrasound technology have led to an increase in the diagnosis of small, failing ectopic pregnancies many of which are destined to resolve spontaneously. As a result, expectant management has been advocated for small, minimally symptomatic TEP with low and declining hCG levels, with a 71% success rate reported with hCG <1500IU/L(17).  Lower hCG levels at the outset have been found to be associated with a higher chance of successful expectant management. NICE guidance recommends testing on day 2, 4 and 7, and looking for a drop of >15% on each test as a marker of ongoing success(13). A substantial increase indicates a need for surgery. Importantly, biochemical resolution may not reflect complete physical resolution, with one study demonstrating that in 4.5% cases it took longer than 78 days after biochemical resolution for the ectopic not to be visible sonographically (18).

Serum hCG has been shown to predict success of medical management of TEP with methotrexate in multiple studies: one such study from France demonstrated 40% failure rate with initial hCG >1300IU/L, compared to 16% <1300IU/L (19-21).  Higher pre-treatment hCG ratio has also been shown to predict failure of medical management (22, 23), and an increase in serum hCG of less than 18% between day 1 and day 4 after methotrexate administration has been associated with a 82% chance of success (24). 

hCG >5000IU/L is considered an indication for surgical management of TEP within UK and American national guidance (13, 25). Higher pre-operative hCG has been found to be associated with failure of salpingotomy (26). Tubal rupture, generally necessitating emergency surgical management, can occur even at low hCG levels. 

Molar pregnancy

Both complete and partial hydatidiform moles (CHM and PHM) are increasingly diagnosed with ultrasound in early pregnancy, with the median gestational age for diagnosis of CHM falling over the past two decades from 12 to 8-9 weeks’ gestation (27, 28). The diagnosis of PHM is more difficult as the hydatidiform changes are less pronounced and there is often a fetus or fetal remnants (28, 29). Non-molar miscarriage may present with villous oedema, secondary to prolonged retention of the placenta tissue after embryonic demise, taking on a similar ultrasound appearance to PHM. 

Histological assessment is required to confirm the diagnosis, which generally requires surgical management to reliably obtain pregnancy tissue. Those cases with less pronounced ultrasound features who opt for conservative management are therefore likely to remain undiagnosed. The role of hCG in detecting molar pregnancy in the absence of histological diagnosis has not been established. Only 39% CHM and 5% of PHM present with abnormally high (>2.0 MoM) hCG(28). 

Patients with a histologically-confirmed diagnosis of hydatidiform mole are at risk of gestational trophoblastic diseases (GTD), including choriocarcinoma (12.4% of CHM and 1.4% of PHM) (28) and should be registered with one of three NHS UK regional centres for monitoring of hCG serum and urine levels (30). hCG is recognised as an excellent marker for progression, response to treatment, and post-treatment surveillance for GTD (31). 


3. Progesterone

Progesterone production in early pregnancy reflects the interaction between the trophoblast and corpus luteum. There is positive feedback between the production of serum hCG by the conceptus and progesterone by the corpus luteum. 

It has been shown that the likelihood of miscarriage decreases with increasing serum progesterone levels. A single progesterone level provides a clinically useful prognostic information on pregnancy viability: different cut-offs can be chosen with a trade-off between sensitivity and specificity. A value of <10ng/ml (equivalent to <31.8nmol/L) in women presenting with symptoms in early pregnancy had a sensitivity of 66.5% and specificity of 96.3% for detecting miscarriage in one meta-analysis (32). Models to predict the likelihood of miscarriage may hold psychological benefits (33). However, ongoing pregnancies have been associated with progesterone levels as low as 5nmol/L, so low levels should not be considered diagnostic of failure(6). Low progesterone has been associated with successful spontaneous completion of miscarriage(34).

Progesterone has been useful in rationalising follow-up of PULs, with low levels suggesting a failing pregnancy that is highly unlikely to cause harm. Cut-offs for single serum progesterone measurements at the initial visit have been proposed to safely triage patients into less intensive follow-up, without the need for repeat testing after two days: <=2nmol/L and <=10nmol/L have been proposed by different algorithms and validated (35-37), though not yet incorporated into national guidance (13). 

Low serum progesterone predicts success of expectant management of ectopic pregnancy (38), but a cut-off has not been proposed, and it does not form part of selection criteria for conservative management within national guidance (13, 39). Progesterone has not been shown to reliably predict success of medical management (40).

It is important to note that the progesterone assays may be influenced by exogenous progesterone administration taken as part of IVF regimens or for miscarriage prevention. First-trimester serum progesterone levels may also be influenced by maternal body weight: lower levels have been found in overweight pregnant patients, and a marked decreas found in those with obesity (41).

Table: Use of serum progesterone and hCG cut-offs in clinically stable women with tubal ectopic pregnancy or pregnancy of unknown location

	Scenario
	Hormone level
	Interpretation

	Tubal ectopic pregnancy
· no/minimal abdominal pain
· no significant haemoperitoneum
· ectopic <35mm with no embryonic cardiac activity
· able to attend follow-up
 
	hCG <1000IU/L
	NICE recommends offering expectant management



	
	hCG <1500IU/L

	71% successful expectant management (17)
NICE recommends offering expectant or medical management

	
	hCG 1500-5000IU/L


	NICE recommends offering medical or surgical management 



	
	hCG >5000IU/L
	NICE recommends surgical management



	Pregnancy of unknown location (PUL)
	Progesterone <=2mmol/L
	<2% diagnosed with ectopic pregnancy: study proposes urinary pregnancy test in 2 weeks (35) 


	
	Progesterone <=10nmol/L



	~2% risk intervention: study proposes discharge after single visit (37)

	
	Progesterone <=20nmol/L
	~4% risk of intervention (36)




	Pregnancy of unknown location following IVF conception, >5 weeks’ gestation
	hCG <=100 IU/L
	2% risk of intervention: study proposes discharge after single visit
(15)



hCG – human Chorionic Gonadotrophin; IVF – in vitro fertilisation; NICE – National Institute of Clinical Excellence

4. Other biomarkers

Biomarkers that have been examined in early pregnancy can be categorised according to their biological origin. Biomarkers may show value in predicting either viability or location, or may help predict need for active intervention (42). 

Markers of trophoblast growth and implantation

Markers of trophoblast growth investigated as potential novel biomarkers include pregnancy-associated plasma protein A (PAPP-A); pregnancy-specific β-glycoprotein I (PSG-I or SP-I); human placental lactogen (HPL); activin A; A disintegrin; glycodelin-A; soluble vascular endothelial growth factor receptor 1 (sFlt-1), placental growth factor (PlGF); adrenomedullin (ADM);  plasma kisspeptin (KISS1) and metalloprotease-12 (ADAM-12)(42-53). These markers are mainly produced by the placental tissue, mainly the villous trophoblast, and thus concentrations are lower both in patients with an ectopic pregnancy and in those who will miscarry, as compared to those with a normally developing eutopic pregnancy. Thus, while some have shown promise in predicting pregnancy failure, they perform less well distinguishing ectopic from abnormal eutopic pregnancy. Moreover, since most of the synthesis of biomarkers by the trophoblast occurs after 7 weeks’ gestation, their clinical usefulness in the evaluation of early ectopic pregnancy is likely to remain limited. 

Inhibin A is produced by the villous trophoblast, but is also predominantly produced by the corpus luteum in early pregnancy. Its production is regulated by hCG, but it has a shorter half-life than hCG.  It has shown some promise in distinguishing ectopic from failing eutopic pregnancy (54). It  showed potential utility as a marker of successful expectant management of miscarriage (12), but was unable to predict successful expectant management of ectopic (38). 

Vascular endothelial growth factor (VEGF) is an angiogenic factor upregulated by tissue hypoxia and shown to play a vital role in implantation and placentation. Serum VEGF levels have been shown to be significantly higher in patients with ectopic pregnancy compared to those with live eutopic pregnancy in small clinical studies, including at gestations as early as 11 days post-transfer in IVF pregnancies,  (53, 55). However, its clinical usefulness in large prospective studies needs to be determined.

Recent studies have investigated differential expression of various micro-RNAs in ectopic pregnancy compared to developing eutopic pregnancy. Micro-RNAs are known to mediate regulation of gene expression in early development and implantation (56). The precise role of the differentially expressed microRNAs is unclear, but there is scope for clinical utility in prediction and diagnosis, and for furthering understanding of pathophysiological mechanisms (57). 

Markers of smooth muscle damage

The smooth muscle surrounding the Fallopian tube may release markers of its disruption in TEP, particularly if rupture occurs. Smooth muscle heavy chain myosin (SMHC), myoglobin and creatinine kinase have all been investigated as potential biomarkers of smooth muscle destruction (58, 59). Of these, SMHC showed promise, but the range of values was too wide, and showed overlap with normally sited pregnancies, meaning it was not helpful for prediction of location (59). There was a suggestion that it may be useful in differentiating ectopic and eutopic pregnancies at earlier gestations (<5 weeks), or in predicting tubal rupture, but this has not been prospectively tested. Similarly creatinine kinase may be a marker of rupture, rather than for primary diagnosis of ectopic pregnancy (60). It did not show value in predicting outcome of PUL in one prospective study (61). 

Markers of inflammation 

Markers of peritoneal inflammation may be able to distinguish between ectopic gestation and abnormal eutopic gestation. 

The cytokines interleukin (IL)-6, IL-8, IL-15 and tumour necrosis factor-α (TNF-α) have been shown to be higher in women with ectopic pregnancy compared to miscarriage and normal pregnancy (62, 63). Although they show some promise, there is currently no evidence of their utility when used alone. 

The tumour marker protein Ca-125 has also been evaluated, but its wide normal range, which varies according to gestation, and the overlap between values for normal and abnormal pregnancies, makes a significant role in prediction of location or viability unlikely (64, 65). A Ca-125 ratio was shown in one prospective study to distinguish between failing PUL and intrauterine pregnancy, but was unable to detect developing ectopic pregnancy (61).

Peritoneal irritation is likely to represent later stages of an ectopic pregnancy: the clinical utility of these markers for diagnosis where there is ready access to ultrasound is therefore likely to be limited. 

Combining biomarkers together, or with ultrasound markers

None of the above novel markers have yet demonstrated, in prospective clinical studies, sufficiently accurate prediction of either location or viability to justify their use above the more readily available biomarkers already in use. It seems more likely that any utility might ultimately be demonstrated by combining biomarkers, or adding ultrasound markers. For example, a recent study has shown that a combination of maternal age, fetal heart activity, mean uterine artery pulsatility index and serum glycodelin-A at 6 weeks' gestation could identify IVF pregnancies at risk of first trimester miscarriage (66). In one study, combinations of biomarkers achieved high sensitivity and specificity (all >95%) in the prediction of viability (choriogonadotropin alpha, pregnancy-associated plasma protein-A, and PSG3) and location (soluble fms-like tyrosine kinase-1, tissue factor pathway inhibitor 2, and PSG3)  in a case-control study (67). Other studies have shown promising results in case-control studies with different combinations (42, 50). The value of these, and other, models now need to be assessed prospectively.

5. Opinion 

· Single measurement of hCG should not be used to discriminate between eutopic and ectopic pregnancies, or between a failing and a normally developing pregnancy.
· Serial hCG measurements can rationalise follow-up in patients with PUL, and can be used to monitor resolution of active trophoblast in patients with ectopic or molar pregnancies.
· A single progesterone measurement is useful to identify patients with PUL who are at low risk of complications and who may therefore not require close follow-up.
· No other biomarkers aside from hCG or progesterone are sufficiently accurate to be used alone in clinical practice for the diagnosis and management of early pregnancy complications. 
· There should be prospective studies on the use of hCG to facilitate detection of molar pregnancy in the absence of histological diagnosis.
· There should be prospective studies to evaluate the role of novel biomarkers when combined or integrated in clinical and ultrasound algorithms to predict pregnancy outcomes and successful expectant management of ectopics. 
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