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Abstract
Background: This retrospective cohort study compared pregnancy-associated plasma protein A (PAPP-A) levels in sera obtained from women with viable intrauterine 
pregnancies to those with nonviable pregnancies following assisted reproductive technology.

Methods: Women with positive βhCG measurements were categorized into two groups: (a) nonviable pregnancy, including biochemical pregnancy (βhCG 5-50 
mIU/mL) and pregnancies with βhCG >50 mIU/mL which did not double within 72 hours, and (b) viable pregnancy (βhCG >50 mIU/mL which at least doubled 
within 72 hours).  PAPP-A levels between 4 weeks-4 days and 6 weeks-3 days were compared for viable and nonviable pregnancies.

Results: Twenty-five pregnant women undergoing IVF-ET were followed for this study, 7 resulted with a biochemical pregnancy, 5 with an ectopic pregnancy, and 
13 with a viable intrauterine pregnancy. Serum samples from each patient (n = 97 samples) were assayed for PAPP-A. PAPP-A levels ranged from 0.60 ng/mL to 3.3 
ng/mL with analytical and functional sensitivities of 0.2 ng/mL and <2.5 ng/mL, respectively.  Mean PAPP-A levels for each group were: biochemical, 1.56ng/mL; 
nonviable, 0.90ng/mL; and viable, 1.63ng/mL. A receiver operator curve demonstrated a definitive PAPP-A cut-off value for a viable pregnancy of >1.25 ng/mL with 
a sensitivity of 69.2 and a specificity of 100.0 at a gestational age of 5 weeks–4 days. 

Conclusions: From gestational week 5 onwards in normal pregnancies, PAPP-A was significantly increased in normal viable pregnancies over nonviable pregnancies. 
In nonviable pregnancy, PAPP-A appeared to remain low for the entire observation period. PAPP-A appears to be a suitable biomarker for (non)viable pregnancies.
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Introduction
Pregnancy-associated plasma protein A (PAPP-A) is a placenta-

derived glycoprotein produced by trophoblastic cells, which rises 
gradually during the early weeks of a viable pregnancy. Its biological 
function is unknown but measuring serum levels has proven useful 
in a number of abnormal obstetrical conditions [1]. Currently, serum 
quantitative β-hCG levels and ultrasound are utilized for following 
early pregnancies and, ultimately, separating viable from nonviable 
pregnancies (miscarriages and ectopic pregnancies); however, diagnosis 
is often delayed due to limitations of these tests.

When a female patient presents to the Emergency Department 
(ED) with abdominal pain with or without vaginal bleeding, her 
pregnancy status must always be determined. If she is of post-
menopausal age, pregnancy can generally be ruled out. This is equally 
true for pre-pubescent children. However, for females of childbearing 
age, the possibility of fertility and parturition ought to be a diagnostic 
consideration in order to rule out ectopic pregnancy [2]. Screening for 
pregnancy starts with the collection of a sexual history and may include 
serum quantitative β-hCG levels and ultrasound. These tests, however, 
are not always conclusive and can result in a patient being sent home 
undiagnosed with a potentially life-threatening ectopic pregnancy [3].

An ectopic pregnancy occurs with implantation of the embryo 
outside of the uterus. In 95% of ectopic pregnancies, implantation 
occurs in the oviduct and is called a tubal pregnancy. Implantation can 
also occur in the ovaries, cervix, or abdomen [4]. If left untreated, the 

developing fetus will continue to grow, leading to life-threatening 
consequences for the mother. Although ectopic pregnancy only 
accounts for 2% of pregnancies in the United States, it is the leading 
cause of pregnancy-related mortality and morbidity in the first 
trimester [5]. The most common complication associated with 
ectopic pregnancy is tubal rupture with internal bleeding, which can 
lead to shock [6]. Tubal ectopic pregnancy has also been associated 
with consequent infertility later on due to compromise of the tubal 
architecture [7]. While death from rupture is rare in women who have 
access to modern medical facilities, ectopic pregnancy accounts for 
6-9% of all pregnancy-related deaths [8,9]. Risk factors for ectopic 
pregnancy include previous ectopic pregnancy, prior tubal surgery, 
documented tubal pathology, in utero diethylstilbestrol (DES) 
exposure, previous genital infections (eg. chlamydia, gonorrhea), 
Pelvic Inflammatory Disease (PID), infertility, smoking, more than 
one lifetime sexual partners, and current intrauterine device use [10].
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In assisted reproductive technology (ART) pregnancies, ectopic 
pregnancy rate occurs 2-2.5% of the time, increasing with multiple 
embryo transfer [11]. The prevalence of ectopic pregnancy increases to 
7-13% in ED populations [12,13]. As women are now able to become 
pregnant at more advanced ages, maternal age remains a dangerous 
risk factor for ectopic pregnancy [4]. Prompt recognition and diagnosis 
of ectopic pregnancy is critical to improving outcomes. Symptoms of 
ectopic pregnancy include acute abdominal pain and vaginal bleeding, 
and they typically occur six to eight weeks after the patient’s last normal 
menstrual period [2]. A patient may not even be aware that she is 
pregnant, which compounds the difficulty in diagnosing her. When 
symptoms like pelvic pain are seen in the ED, they may be mistaken 
for less serious conditions, despite the proper laboratory and image 
diagnostic tests being conducted. According to the general schematic 
for ectopic pregnancy evaluation that has been practiced in EDs for 
decades, 50% of cases of ectopic pregnancy were missed at initial 
presentation [14]. The American College of Emergency Physicians 
and The American College of Obstetrics and Gynecology currently 
recommends the following decision tree flow chart for diagnosing a 
suspected ectopic pregnancy (Figure 1). 

If a woman with abdominal pain or vaginal bleeding cannot be 
stabilized, she is immediately sent to surgery for a consult. If she is stable, 
she is evaluated for ectopic pregnancy. If her risk is low, a serum β-hCG 
level, which becomes elevated early in pregnancy and is measured by 
home pregnancy tests, will be drawn. If that level is above 1,500 mIU/

mL, she will be sent for abdominal ultrasound. If her level is below 1,500 
mIU/mL, it cannot be concluded that she is not pregnant. She requires 
further testing, however this must be done 48 hours later, and so she is 
sent home and told to follow up with her primary care provider (PCP) 
for monitoring. Similarly, if ultrasound of a medium-high risk patient 
is indeterminate of ectopic pregnancy, a β-hCG level will be tested, and 
she will be sent home if this level is not above 1,500 mIU/mL. This is the 
current system that ED physicians use for treating ectopic pregnancy, 
and it leaves a dangerous amount of room for missed diagnoses. The 
purpose of this study was to investigate a biomarker already used 
for screening Trisomy 21 and other aneuploidies with regards to its 
function as an aid in stratifying risk of nonviable pregnancy.

Materials and methods
The study was a retrospective cohort review of the PAPP-A levels 

of twenty-seven women undergoing in vitro fertilization and embryo 
transfer (IVF-ET) at a tertiary fertility clinic. PAPP-A levels in human 
sera obtained from women with viable intrauterine pregnancies were 
compared to those with nonviable pregnancies following assisted 
reproductive technology. Women with positive βhCG measurements 
~14 days after IVF transfer were categorized into two groups: (a) 
nonviable pregnancy, including biochemical pregnancy (βhCG 5-50 
mIU/mL) and pregnancies with βhCG >50 mIU/mL which did not 
double within 72 hours, and (b) viable pregnancy (βhCG >50 mIU/mL 
which at least doubled within 72 hours). Serum cardiac PAPP-A levels 
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were measured via an ultrasensitive enzyme-linked immunosorbent 
ELISA assay (Beckman Coulter, Chaska, MN). PAPP-A levels between 
4 weeks-4 days and 6 weeks-3 days were compared for viable and 
nonviable pregnancies. This measurement period spanned the critical 
time when an ED physician would need to verify a pregnant patient. 
Samples from twenty-five pregnant women were assayed for PAPP-A. 
Of these women, 7 were biochemical pregnancies, 5 were ectopic 
pregnancies, and 13 were viable intrauterine pregnancies.

Results
Twenty-five pregnant women undergoing IVF-ET were followed 

for this study, 7 resulted with a biochemical pregnancy, 5 with an 
ectopic pregnancy, and 13 with a viable intrauterine pregnancy.  Three 
or four serum samples from each patient (n=97 samples) were assayed 
for PAPP-A as described.

As shown in Table 1, the levels of PAPP-A ranged from 0.60 ng/
mL to 3.30 ng/mL with analytical and functional sensitivities of 0.2 
ng/mL and <2.5 ng/mL, respectively. The minimum PAPP-A levels for 
each group were: viable, 0.60 ng/mL; nonviable: biochemical, 0.90 ng/
mL; and ectopic, 0.65 ng/mL, while the maximum PAPP-A levels for 
each group were: viable, 3.30; nonviable: biochemical, 2.35 ng/mL; and 
ectopic, 1.25 ng/mL. Mean PAPP-A levels for each group were: viable, 
1.63 ng/mL; nonviable: biochemical, 1.56 ng/mL; and ectopic, 0.90 ng/
mL. Median PAPP-A levels for each group were: viable, 1.60 ng/mL; 
nonviable: biochemical, 1.45 ng/mL; and ectopic, 0.85 ng/mL. The 
standard deviation values for the viable, nonviable: biochemical, and 
ectopic pregnancy groups were 0.221, 0.195, and 0.100, respectively.

A receiver operating curve of data collected demonstrated a 
definitive PAPP-A cut-off value (criterion) for a viable pregnancy of 
>1.25 ng/mL with a sensitivity of 69.2 and a specificity of 100.0 (Figure 
2) at gestational age 5 weeks-4 days (5.4) (Figure 3). At 5 weeks-4 
days, PAPP-A levels for viable pregnancy increase exponentially, while 
PAPP-A levels for nonviable pregnancy do not. Levels of PAPP-A for 
viable pregnancy were measured and plotted up to 6 weeks-3 days (6.3) 
(Figure 3).

It was found that at approximately gestational age 5 weeks-4 days 
and onwards, PAPP-A was significantly increased in normal viable 
pregnancies over nonviable pregnancies. In nonviable pregnancy, 
PAPP-A appeared to remain low for the entire observation period 
(Figure 3).

Discussion and conclusion
In general, 95% of women who present to the ED with pelvic 

pain, with or without vaginal bleeding, leave without a diagnosis or 
any further information about what is going on within their bodies to 
cause their pain [15]. Even worse, 40-50% of ectopic pregnancies are 
misdiagnosed at the initial ED visit [3]. Current ED protocol says that 
when a stable female patient of childbearing age enters the ED with 

Biochemical Ectopic Viable
Number 7 5 13

Mean (ng/mL) 1.56 0.90 1.63
Median (ng/mL) 1.45 0.85 1.60

Standard Deviation (Std Dev) 0.195 0.100 0.221
Minimum (ng/mL) 0.90 0.65 0.60
Maximum (ng/mL) 2.35 1.25 3.30

Assay Sensitivity Analytical 
Functional

0.2 ng/mL
<2.5 ng/mL

Table 1. Pregnancy type breakdown of patient population and assay characteristics
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Figure 2. Receiver operator curve for PAPP-A and viable pregnancy outcome

Figure 3. PAPP-A and pregnancy outcomes (Viable vs. Nonviable) by gestational week

abdominal pain, pregnancy must be considered in the differential 
diagnoses. If her exam is otherwise normal and her βhCG levels are 
below a specific threshold (<1,500 mIU/mL), she will be sent home and 
referred to her primary care physician. The reality is that a follow-up 
in 48 hours to recheck βhCG levels may not be an option for every 
woman that is sent home from the ED. There are a myriad of factors 
that could deter a patient from being tested again in the recommended 
48 hours. These include, but are not limited to, inability to pay or find 
adequate transportation, lack of time, and lack of enthusiasm to further 
subject themselves to waiting rooms, blood draws, and invasive medical 
evaluation. Furthermore, when βhCG is above the necessary threshold 
to indicate pregnancy, the next step is ultrasound evaluation, and that 
presents another logistical challenge. Ultrasound technology is not 
always available in the clinical setting, and the personnel skilled to 
operate and read ultrasound are not ubiquitous. If there were another 
biomarker that could supplement hCG and more precisely identify 
ectopic pregnancy, this patient population would greatly benefit from it.

A diagnostic test is needed for patients that typically present 
during early pregnancy (e.g. ~6 weeks) that would rule out an ectopic 
pregnancy [15]. It was the goal of this study to investigate PAPP-A 
as an aid for nonviable pregnancy risk stratification. Compared to 
previous research in which the PAPP-A assays were not specific 
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enough, this study revealed that serum PAPP-A is significantly higher 
in viable pregnancies than in nonviable pregnancies after about 5 weeks 
gestation. Furthermore, PAPP-A appears to remain low in nonviable 
pregnancies throughout these initial 5 weeks.

This  research  indicates that serum PAPP-A, in conjunction with 
βhCG, could be evaluated for early diagnosis of ectopic pregnancy. 
Early diagnosis could lead to early management and decreased risk of 
mother morbidity and mortality, most dramatically in the developing 
where lack of resources means that intervention often comes too late 
and case fatality rates are as high as 27% [16,17]. In addition to lives 
saved, early diagnosis of ectopic pregnancy could mean improved 
rates of infertility associated with tubal rupture and architectural 
compromise. These improved patient outcomes may be particularly 
dramatic among populations of women that face more barriers in terms 
of access to healthcare. 

In conclusion, from gestational week 5 onwards in normal 
pregnancies, PAPP-A was significantly increased in normal viable 
pregnancies over nonviable pregnancies. In nonviable pregnancy, 
PAPP-A appeared to remain low for the entire observation period. 
Pregnancy-associated plasma protein A (PAPP-A) appears to be a 
suitable biomarker for risk stratification of nonviable pregnancies.
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