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Figure 1: Upon results availability, providers are notified via fax, email, or electronic medical record (EMR). If negative, patients are contacted via an automated email 
and access results through a secure, HIPAA-compliant patient portal. Patients may watch tailored informational videos, request “on-demand” genetic counseling with 
a board-certified genetic counselor, schedule a later genetic counseling consult, or decline all of the above. Regardless of result type, if genetic counseling is elected, a 
consultation report is sent to the ordering provider via fax, email, or EMR. 

Figure 1: Automated Results Delivery Workflow
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When edge cases aren’t so “edgy” anymore: 
Providing prenatal cfDNA screening to the masses
Kevin R. Haas PhD*, Carrie Haverty MS LCGC*, Gregory J. Hogan PhD, Eerik Kaseniit MEng, Carlo G. Artieri PhD, 
Colleen Schmitt MS CGC, Dale Muzzey PhD*

Introduction
Non-invasive prenatal screening (NIPS) via cell-free DNA has reached a point of relative maturity, in terms of both technology and market. This growth means what were formerly edge cases are now routine and need to be mitigated, not by limiting access based on age or body habitus, 
but rather by addressing the limitations of widely used methodologies. Here we address how NIPS can robustly handle patients with obesity, low fetal fraction (FF), and confounding maternal CNVs, as well as how to deliver results and counseling at scale.

Guidelines recommend “offering aneuploidy screening other than NIPS in cases of 
significant obesity”, limiting access for nearly 1 in 4 patients. We couple a retrospective 
fetal-fraction analysis from 51,737 anonymized samples with computational simulations 
of whole-genome sequencing1 NIPS to calculate expected sensitivity for patients in each 
BMI class. We find that NIPS is a reasonable option for high-BMI patients with methods 
that improve performance at low FF, thereby allowing providers to offer the same high 
level of care.

Maternal CNVs (mCNVs) are a known cause of false positives. Retrospective analysis 
and simulations2 were used to characterize the relationship between features of mCNVs 
(chromosome, size, type) and risk for a false call. High specificity in NIPS can be achieved 
using a suite of best practices, including algorithmic omission of outlying segments, fine-
tuned quality-control metrics and manual call review.

A final challenge of widespread NIPS is how to educate, counsel and inform all patients 
in line with recommendations and at tremendous scale. We describe the experience of a 
large, anonymized patient cohort using an established, automated system3 providing results, 
education and access to on-demand genetic counseling.

Conclusions
Using appropriate methodology, computational analysis, software tools and thoughtful 
consideration of technical challenges, we demonstrate how to provide a robust, accessible 
and scalable prenatal screening experience for all patients.
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Figure 1: BMI versus Fetal Fraction distribution.  The probability density curves are constructed from 

a maximum likelihood beta-distribution fit of fetal fraction values from 51,737 Counsyl production NIPS 

samples stratified by BMI class.  BMI is calculated from maternal height and weight as reported on the 

test requisition. Fetal fraction is determined from analysis of cell free WGS data.4  Class0 - Underweight 

BMI < 18.5, Class1 - Normal 18.5 < BMI < 25.0, Class2 - Overweight 25.0 < BMI < 30.0, Class3 - Obese 

BMI > 30.0. The vertical line indicates 4% fetal fraction, when simulated NIPS sensitivity begins to 

degrade. The table on the right displays the estimated analytical sensitivity of whole-genome sequencing 

NIPS, calculated by scaling the sensitivity at each fetal fraction level (calculated as in ref 1) by the 

probability of observing samples with that fetal fraction (histograms at left), and then integrating over 

all fetal fraction levels.

Figure 3: Schematic of mCNV (left) versus true chr21 trisomy (right). Detection of trisomies in NIPS 

from the WGS method is based upon observing a statistically significant shift (z-score) in the median reads 

per bin across the chromosome in comparison to the wildtype background.  When there exists a maternal 

duplication in a subset of chr21, the reads from the mother’s cell-free DNA in the bins corresponding to 

the CNV are enriched 1.5 times expectation, causing a shift in median bin count for the entire chromosome 

and a possible false-positive call.  For a true fetal trisomy, the reads across the entire chromosome from 

the fetal cell-free DNA are partially enriched proportional to the fetal fraction causing a shift in median bin 

count and true-positive call.

Figure 4: Distribution of observed sizes of mCNVs (left) and cumulative false positive rate for 

mCNVs (right). Identifying maternal duplications in 47,151 anonymized production NIPS samples showed 

the cumulative number of samples which contained mCNVs as a function of the corresponding size for the 

duplication. Different strategies were then employed to calculate the key median reads per bin statistic 

and the resulting false positives for 100,000 samples.  The “Basic” approach simply calculates the mean 

and standard deviation of the reads per bin statistic and is highly susceptible to maternal CNVs with 1 in 

~540 false positive rate. The “Robust strategy” first removes outlier bins and applies a gaussian fit to the 

reads per bin distribution for an improved 1 in ~13,000 spurious positives. Finally, adding a mCNV filter that 

explicitly identifies and filters out bins encompassed by the duplication/deletion from downstream analysis 

results in the lowest false-positive risk of 1 in ~330,000.

Figure 5: Workflow for automated results delivery and genetic counseling.  When results are complete 

and available for reporting, providers are notified via fax, email, or electronic medical record (EMR). For 

positive results, the provider is contacted first and may elect to inform the patient directly or have Counsyl 

board-certified genetic counselors contact and deliver results to patient. For negative results, patients 

are contacted via an automated email or text message and can then access their results through a secure, 

HIPAA-compliant online patient portal. Through that portal the patient may view informational videos that 

are tailored toward their result type.  Subsequently the patient may request immediate “on-demand” genetic 

counseling, or schedule an appointment for genetic consult. If they so choose, they may decline genetic 

counseling and indicate that they are satisfied with online education and results. All of these touchpoints are 

documented for the patient’s medical record. Regardless of result type, if genetic counseling is elected, a 

consultation report is sent to the ordering provider via fax, email, or EMR. 

Figure 2: Fetal Fraction versus sensitivity for WGS vs. SNP methods. Computational simulations of 

the sensitivity from the whole genome sequencing (WGS) and single nucleotide polymorphism (SNP) 

techniques of NIPS1.  The simulation achieves a recreation of experimentally observed distributions from 

sequencing data of the two different techniques, then applies in-silico the expected impact of trisomy 

identification for chromosomes 13, 18, and 21 at varying fetal fractions.  This simulated data is analyzed 

using published standard practices to attempt to detect the fetal aneuploidy. The fraction of those 

simulated aneuploidies which are detected is an estimate for the assay sensitivity. For the SNP method, 

sensitivity is equivalent between all trisomies due to the design of the assay, additionally fetal fractions 

below 3% are reported as no-calls owing to the reduced sensitivity below 3%. The WGS method 

maintains >80% sensitivity for all trisomies above 1% fetal fraction.
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