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This white paper is based on a webinar presentation 
by Katie Ellis, Senior Genetic Counselor at Genea in 
Australia, who discussed important issues to consider 
when ordering non-invasive prenatal screening (NIPS).

“Perhaps for the first time, we now have multiple 
technologies for NIPS, each with different implications 
requiring different counseling,” said Ellis. “The fact 
that a simple blood draw is what is used belies the 
complexity of the information it may yield.”

The key questions for healthcare providers: How 
do we work through these complexities to help our 
patients make an informed choice? What information 
is crucial to the pre-test counseling?

What Do Women Want in NIPS?

Ellis emphasized that healthcare workers need 
to understand  what women are looking for when 
requesting prenatal testing. A 2016 questionnaire 
given to pregnant women looked at their preferences 
for NIPS, including several variables: accuracy, the 
timing of the test, whether the test had a risk of 
miscarriage, whether the test provided information 
on trisomy 21 only, or whether it gave more 
comprehensive information. 

They learned that:
	 •	 Women place greatest emphasis on test 	 	
		  safety, but also want comprehensive 		
		  information. Many women do not want 
		  to end a pregnancy.
	 •	 Women want NIPS as first-line testing as 		
		  reassurance that their baby is healthy or to 		
		  plan next steps in the event that there is a 		
		  trisomy or other chromosomal change.
	 •	 Some want NIPS in the event of a miscarriage 
		  or fetal death in utero, in order to find a reason 
		  for the loss.
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What Does NIPS Measure?

NIPS generally relies on blood testing from the mother 
to reveal information from circulating  cell-free DNA 
(cfDNA) from the placenta, which can be identified in 
the maternal plasma from five weeks after conception. 
CfDNA is released into the blood stream as small 
DNA fragments of about 150-200 base pairs. About 
2 percent to 20 percent of the total cell-free DNA 
in the maternal blood is actually from the placenta, 
and, importantly, this placental DNA is cleared from 
circulation within hours following birth.

“We must remind our patients that the sample 
analyzes maternal DNA and placental DNA, not fetal 
DNA at any time,” said Ellis. “So NIPS is a screening 
test, not diagnostic. Therefore, the result may not 
accurately reflect the fetal status, and may reveal an 
unexpected maternal status.”

Three Major NIPS Technologies

Currently, three technology platforms are available for 
NIPS, all with extremely high positive predictive values.

Massively parallel sequencing, also referred to as 
whole-genome sequencing (WGS), is an approach 
which generates unbiased sequencing information 
across the entire genome, sequenced as fragments. 
This technology has the ability to screen all 
chromosomes but also provides options for more 
focused answers.

KATIE ELLIS
Senior Genetic Counselor 
at Genea
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Digital analysis of selected regions, or DANSR, targets 
chromosomes 13, 18, 21 and the sex chromosomes 
only. This approach uses single nucleotide 
polymorphisms (SNPs) to calculate the fetal fraction, 
or the amount of cfDNA derived from the fetus. 
  
“Being aware of the amount of fetal fraction is 
important to know so that we can correctly counsel 
women,” said Ellis. Some technologies need a 
higher fetal fraction; others lower. Fetal fraction can 
be affected by obesity, autoimmune conditions, 
medications, and certain aneuploidies. Recent joint 
guidelines from the American College of Obstetrics 
and Gynecology (ACOG) and the Society of Maternal 
Fetal Medicine (SMFM) recommend that fetal fraction 
should be reported with NIPS results.

The third technology is targeted SNP testing, which 
examines chromosomes 13, 18, 21, and the sex 

FIGURE 1: 
Comparison of Positive Predictive Values for Trisomy 
21 for NIPS vs combined first trimester screening 
(Source: Michael Bonifacio, Genea) 

chromosomes, using targeted SNPs. It can allow for 
zygosity testing in twin pregnancies. 

“Comparing the positive predictive values for NIPS 
versus combined first trimester screening (cFTS) — 
a nuchal translucency ultrasound and blood testing 
of certain chromosomal conditions — which is what 
many of us have used for the past two decades, 
you will see that even in young women, the positive 
predictive value [for NIPS] is extremely high,” said 
Ellis (see Figure 1).
 
Clinical Implications of Failure to Report

When NIPS reports come back as inconclusive or
unable to provide a result, healthcare providers should 
be aware of several possible clinical implications.  
First, research has shown that the risk of fetal 
aneuploidy is ten times greater in “failure to report” 
cases. This is particularly true in trisomy 13 and 18 
because these cases tend to have a low fetal fraction 
due to smaller placenta size.  
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“The debate in these cases is often, ‘Do we go re-
collect [a blood sample] or go straight to diagnostic 
testing?’” said Ellis. However, up to half of re-collected 
samples will still not yield a result. 

To offer the best counseling, healthcare providers 
need to know why the sample failed. It’s possible that 
it did not meet the quality control parameters, in which 
case re-collection may be worth it. If it is related to 
medication or obesity, perhaps re-collection at a later 
gestational age could be helpful (as fetal fraction will 
generally increase).  However, if the results point to an 
aneuploidy, re-collection is unlikely to be informative.

Factors Leading to Discordant Results

As NIPS is a screening test, it is generally advised that 
abnormal or high-risk NIPS findings are followed up 
with invasive confirmatory diagnostic testing, such as 
amniocentesis or chorionic villus sampling (CVS). Why 
do some tests come back with discordant results?  
The reasons can be segregated into fetal factors and 
maternal factors. 

Among the fetal factors are low fetal fraction, along 
with other considerations: fetal placental mosaicism, 
vanishing twins, microdeletion syndromes, and rare 
autosomal trisomies (RATs).

Mosaicism occurs when there is a mix of cells in the 
body, some with the standard set of chromosomes 
and some with a chromosome aneuploidy. About two 
percent of pregnancies are mosaic, with different cells 
lines in the placenta compared to the fetus. Some 
discordant results occur for this reason, when the 
placenta has an aneuploidy but the fetus has cells with 
the standard set of chromosomes. The reverse can 
also occur. 

In the case of a vanishing twin, cfDNA may still be 
detectable from a twin that has demised for up to 
eight weeks after that demise. For this reason, some 
suggest delaying NIPS until about 14 weeks in a 
pregnancy when there has been a vanishing twin. 
Others argue against NIPS in that case entirely. “But 
it’s often helpful early on for that mother to know that 
the likely reason that one of her twins has demised 
was due to an aneuploidy, and the remaining twin is 
fine,” said Ellis.

Microdeletions are a group of clinically 
recognizable genetic disorders characterized by a 
small deletion of a chromosomal segment spanning 
multiple disease genes. Among the most common 
are DiGeorge syndrome (22q-), Cri Du Chat (5p-), 
Prader-Willi, Angelman syndrome, and 1p36, Wolf-
Hirschhorn syndrome.

About 1 in 1,000 births are affected with a 
microdeletion syndrome, regardless of maternal age. 
Many lack ultrasound markers so typical testing 
often misses them. Karyotyping, for example, can 
return a normal result because it cannot detect very 
small deletions.

“Some argue against doing microdeletion testing 
because of very high false positive test rates,” Ellis 
explained, which often prompts patients to become 
anxious and have more invasive tests. On the flip 
side, testing doesn’t rule out all causes of these 
conditions. Patients may be falsely reassured that 
all is normal. “This is not to say that you should not 
do microdeletion testing, but just that healthcare 
providers need to bear this in mind and discuss it 
with patients.”

Rare autosomal trisomies (RATs) are chromosomal 
aneuploidies, or copy number variants, which involve 
chromosomes other than 13, 18, 21, and the sex 
chromosomes. They occur in approximately 1 in 300-
500 pregnancies and are usually only detected on 
platforms that use WGS. Test failures can result when 
used on other testing platforms.

“Initially, there were concerns that you should 
not be testing for RATs because they’re rare; 
they’re confined to the placenta; and associated 
with miscarriage, so are we offering any benefit 
to our patient?” said Ellis. “On the flip side, the 
latest studies show that, in fact, these are not rare 
aneuploidies at all. They are just hidden.”

The TRIDENT (Trial by Dutch Laboratories for 
Evaluation of Noninvasive Prenatal Testing) studies, 
which have been ongoing for several years, found 
that one-third of chromosome aneuploidies were 
not in fact trisomy 21, 18, or 13, and that 2 percent 
were of maternal origin, 25 percent were fetal 
origin, 55 percent were placental origin, and they 
were associated with an increased risk for fetal 
development or growth problems. 
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Other studies have found similar results. “A good 
outcome occurs in 25 percent to just under 40 
percent of pregnancies where there has been an 
increased risk of a rare autosomal aneuploidy on 
NIPS,” explained Ellis.

Maternal factors leading to an inconclusive or failed 
NIPS report could include maternal chromosome 
variation, an underlying malignancy, or the 
mother may have had a transfusion or a transplant 
previously. Studies have shown that maternal 
cancer occurs in 1 of every 1,000 pregnancies. 
Since tumors can shed cfDNA into maternal blood, 
this can cause a false NIPS result. For this reason, 
NIPS should not be performed in pregnant women 
with a known history of cancer.

Pre-Test Counseling

Before offering NIPS to patients, healthcare 
providers need to be certain of several points.

1. Which platform is your NIPS performed on? Be 
sure to know and discuss test sensitivities, false 
positive rates, and failure rate. Also have a plan 
if a test fails. Be aware of test turn-around time, 
particularly in light of a patient’s gestation. Also, 
know if the test platform detects fetal sex. If so,  
does it have an opt in/out feature and be aware if 
parents want to know. Finally, does the test platform 
screen for other factors (e.g. microdeletions, RATs, 
and incidental findings like maternal malignancy)?

2. Why is your patient having testing? What does 
she want to know? Does she/they have the financial 
ability to pay for NIPS? Is there access to other 
testing options? Inform her that there is the option  
of no testing.

Counseling Comparison: 
NIPS vs. Combined First Trimester 
Screening (cFTS)

Ellis explained that while many healthcare providers 
are comfortable providing the option of traditional 
cFTS, some are more hesitant with NIPS. The 
reasons? Tests might fail, be wrong (discordant 
results), or identify an incidental finding requiring 
complex counseling. NIPS also requires detailed 
pre-test counseling for the many possible types of 
findings. But Ellis argues the same is true for cFTS, 
which presents other counseling complexities. For 
example, ultrasound can fail in obese women and it 
is not diagnostic. And, it can produce false positive/
negative results.

When asked if she recommends NIPS to all women 
or only those considered high risk, Ellis responded, 
“I believe all women should be offered NIPS as a 
first-line screening because I think it has the lowest 
false positive rate of screening tests, and it has the 
highest detection rate of screening tests. And I think 
it’s done early enough in a pregnancy that women 
then have lots of time to then slowly and deliberately 
make the right decision for themselves in that 
pregnancy, whatever the outcome might be.” 


