
Introduction

Non-invasive prenatal testing (NIPT) is a prenatal aneuploidy 
screening method based on the analysis of placental cell-free DNA 
(cfDNA) from maternal plasma, thus reducing the need for 
invasive procedures. Analysis of placental cfDNA requires very 
precise quantification of DNA molecules and has until recently 
only been achieved through expensive sequencing-based analysis 
platforms.

Vanadis® NIPT is an automated, high-precision system developed 
for trisomy 13 (Patau syndrome), trisomy 18 (Edwards syndrome) 
and trisomy 21 (Down syndrome) screening. Vanadis NIPT detects 
cfDNA molecules based on highly specific labelling of 
chromosomal fragments, enabling reliable testing even for 
samples with a low proportion of placental to maternal cfDNA, 
referred to as fetal fraction. The fully automated Vanadis NIPT 
platform eliminates the need for costly and time-consuming PCR, 
sequencing, and microarray techniques.1 

This paper describes the built-in quality assessment procedures of 
Vanadis NIPT, and how the system is designed to ensure clinical 
accuracy, and the highest quality and safety in prenatal care.

Vanadis NIPT: Automated Workflow with Built-in Quality 
Assessment

The Vanadis NIPT quality assessment is based on multi-dimensional 
quality metrics, which are automatically monitored to ensure that 

WHITE
PAPER

Vanadis® NIPT System: High-Precision Prenatal  
Aneuploidy Screening with Automated Quality Assessment

the platform is working consistently, and that the results are 
reliable. Several metrics are used to detect possible errors in 
sample handling and to ensure consistent assay quality across 
samples and instrument runs.

The automated Vanadis NIPT workflow (Figure 1) consists of three 
instruments: Vanadis Extract® for cfDNA extraction, Vanadis 
Core® for cfDNA analysis, and the molecule counting unit, 
Vanadis View®. All three instruments are controlled through the 
system software which guides the workflow and monitors the 
assay performance by conducting the built-in Vanadis® NIPT 
quality assessment procedures. After quality assessment, the 
results are sent to the software for trisomy risk calculation and 
reporting, e.g. LifeCycle™ for Prenatal Screening.

Vanadis NIPT allows monitoring the progress of each patient 
sample at any time. Automated sample handling, plasma 
pipetting, and barcoding help to avoid manual errors and sample 
mix-ups. The Vanadis NIPT assay also includes internal controls 
with predefined amounts of euploid DNA and aneuploid DNA to 
ensure reliable and accurate measurements across instrument 
runs. The fully automated quality assessment is based on 
pre-defined criteria and limits, according to which the system 
approves or rejects samples, controls, and runs.
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Figure 2. Automatic image processing by Vanadis View. The Vanadis View image 
analysis masks areas influenced by dust or other large particles and enhances the DNA 
objects prior to resolving them from the background.

Figure 1. The automated workflow of the Vanadis NIPT system. After image analysis in Vanadis View the multi-dimensional quality assessment is performed by the system 
software.
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Before Quality Assessment: Vanadis View Image Analysis

Preceding quality assessment, the samples are transferred from 
the Vanadis Core to the Vanadis View platform for imaging and 
image analysis. The Vanadis View instrument takes images of the 
proprietary nanofilter plate and quantifies DNA molecules labelled 
with chromosome-specific fluorophores. The Vanadis View 
microtiter plate format holds up to 84 patient samples and 9 
internal controls.

Using a dynamic imaging approach, Vanadis View images up to 
121 fields per sample, depending on the cfDNA concentration in 
the sample. This allows the acquisition of more images from 
samples with low cfDNA concentration and spends less time on 
samples with high cfDNA concentration, thus optimising the 
turnaround time while still ensuring sufficient data for the 
required statistical power. 

Following the sample imaging, Vanadis View starts to analyze and 
process the images. The instrument software automatically 
compensates for fluorescence crosstalk, masks dust and other 
large particles that interfere with the analysis, reduces background 
noise, and enhances and resolves DNA objects (Figure 2). Vanadis 
View also approves or rejects individual image fields based on 
pre-defined quality criteria on focus quality, image tilt, and the 
deviation in chromosomal ratio between the image fields from the 
same sample.

Vanadis NIPT System Software: Multi-Dimensional Quality 
Assessment for Reliable and Accurate Results

Once Vanadis View has completed the image analysis, the results 
are transferred to the system software for quality assessment and 
for calculating chromosome ratio and assay precision (reported as 
the coefficient of variation, CV [%]). Based on pre-defined quality 
assessment criteria, the software automatically classifies samples, 
controls, and runs as approved or rejected. The user always has 
the option of reclassifying an approved sample or run as rejected. 

The Vanadis NIPT assay includes three different kit controls, that 

are supplied pre-loaded in the Vanadis Core Reagent Cartridge:

A.   Low DNA amount with normal karyotype
B.   High DNA amount with normal karyotype
C.   Medium DNA amount with trisomy 21 karyotype

Each control is loaded on the microtiter plate as triplicates, 
resulting in nine kit controls that are distributed across the plate to 
ensure consistent assay performance in all plate regions (Figure 3). 
It is important to note that the kit controls are used solely for 
quality assessment and not as reference samples.

All kit controls and patient samples are analysed against several 
metrics. The system software performs calculation and assessment 
of 26 different quality metrics per run. To assess overall 
performance of the assay between runs, the user can monitor the 
median log DNA counts per image (representing the cfDNA 
concentration) and precision metrics (Table 1).

The quality assessment for individual patient samples and kit 
controls consists of three parts. In the first step, the system 
software assesses image-based quality metrics for all samples and 
kit controls. These metrics include how much of the imaged area 
has been discarded in the Vanadis View analysis, how many DNA 
objects have been detected, the variability in chromosomal ratio 
between the image fields, and the signal strength. In the second 
step, metrics that are specific to either kit controls or samples are 
assessed. The kit-control-specific metrics are based on the 



Figure 4. Example of chromosome ratio coherence metrics. The figure represents a 
coherence plot of the chromosome ratio for each chromosome, in this example for 
chromosome 21. Samples with normal karyotype have both chromosome 21/18 and 
chromosome 21/13 ratio values close to 1.00. Samples with trisomy 21 are located 
diagonally across the plot. The outlier sample in red is discarded due to incoherence.

Figure 3. Kit control distribution across the Vanadis NIPT sample plate. Run approval 
requires one approved control (A, B, or C) per each plate region (corresponding to 
columns 1, 7, and 12). The arrow indicates the processing order of the samples.

Table 1. List of the Vanadis NIPT Quality Assessment metrics. The built-in quality 
assessment is based on 26 different metrics, including both sample-level and run-level 
analysis. Median log counts per image and precision metrics (highlighted in bold) can 
be monitored to assess overall assay performance between runs.

Control and Sample Quality Assessment 
For kit 

controls
For patient 

samples

Image fields used

Area used

Counts

Counts per image

Image variability chromosomal ratio

Signal

Count coherence

Chromosomal ratio coherence

Normalized intensity

Count per image outlier

Sample impact

Sample precision

Coherence

Run Quality Assessment 
Based on 
approved 
controls

Based on 
approved
samples

Control A/B/C approved replicates

Control A counts per image

Approved controls in region 1/2/3

Normalized count increase

Normalized ratio increase

Control A/B/C chromosomal ratio

Control A/B/C chromosomal ratio trend

Approved samples

Median log counts per image

Precision

Background counts per image

Plate trend

Average ratio

Prior to calculations Following calculations

coherence between the triplicates in chromosomal ratio and 
number of detected DNA objects, while the sample-specific 
metrics relate the individual samples to all other samples in the 
same run. In the third step, the approved samples and kit controls 
from the previous steps are used to calculate and assess new 
sample-specific metrics describing the precision for the individual 
sample and the coherence between all three autosomal 
chromosomes. Figure 4 illustrates an example of coherence 
assessment for the patient samples.

In the rare occasion that a sample is rejected, the quality 
assessment for individual samples and kit controls is repeated 
while excluding the rejected sample or control before progressing 
to the run-level quality assessment. The quality assessment for the 
entire run is based on assessing plate trends and general 
characteristics for the patient samples and kit controls, as well as 
the precision of the run.

Summary

Vanadis NIPT is a fully automated prenatal screening system that 
offers high-precision aneuploidy testing in a cost-effective and 
scalable format readily adapted to any laboratory. The automated, 
built-in quality assessment is designed to monitor the assay 
performance at multiple levels, and to ensure reliable and accurate 

results for patients and health care providers.
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The Vanadis NIPT system is CE-IVD marked, and thus complies with European regulations for in vitro diagnostics products. The 
CE-IVD marking includes all reagents, instruments, and software used for Vanadis NIPT, and implies suitability of the products for 
clinical use with regard to safety and capability. 
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