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Prenatal screening options  
in British Columbia

Counseling is an important requirement before and after a patient  

undergoes prenatal screening for chromosomal and subchromosomal 

fetal defects and disorders such as preeclampsia. 

ABSTRACT: Prenatal screening in 

Canada has evolved over the past 

40 years along with advances in our 

understanding of maternal and fetal 

risk factors, ultrasound technology, 

and the human genome. Multiple 

prenatal screening options are now 

available to patients, including tests 

that measure biochemical markers 

in maternal serum, placental DNA 

fragments, and fetal markers re-

vealed by ultrasound. In BC, tests 

covered by medical insurance in-

clude SIPS (serum integrated prena-

tal screen), which measures markers 

in two separate blood tests, IPS (inte-

grated prenatal screen), which mea-

sures markers in both serum and on 

ultrasound, and the Quad screen, 

which measures four markers in a 

single second-trimester blood test. 

Screening tests not usually covered 

by provincial medical insurance in-

clude FTS (first-trimester screen-

ing) and NIPT (noninvasive prenatal 

testing). Knowledge of the human 

genomic library paired with the 

commercial availability of sequenc-

ing technologies can be expected 

to produce further advances in pre-

natal screening. Our greatest chal-

lenge in the next 10 years will be to 

train the genetic counselors needed 

to provide timely support to patients 

as they consider the array of screen-

ing options available. 

T
he evolution of prenatal screen-

ing was slow until relatively 

recently. In 1866 John Lang-

-

ence to a cluster of fetal characteristics 

that were discovered to be trisomy 21 

almost 100 years later,1,2 -

tion that each cell normally contains 

46 chromosomes was not reported 

until 1956.3 Following this discovery, 

the development of amniocentesis and 

chorionic villus sampling, along with 

improved metaphase karyotype reso-

lution, enabled the diagnosis of many 

more genetic syndromes. Currently, 

both chromosomal (aneuploidy) and  

subchromosomal (deletion/duplication/ 

translocation states) can be detected by 

prenatal screening.4 

Serum and ultrasound 
markers
Maternal serum screening for ana-

lytes produced by the placenta to 

became available in the 1980s.4 The 
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-

ing improved as markers were added. 

Canadian screening5,6 tests now em-

ploy various combinations of the fol-

lowing biochemical markers:

-

pin (hCG)7 and free beta-hCG.8 
9

10

protein-A (PAPP-A).11,12

13

In 1992, Nicolaides and col-

leagues published a seminal article 

demonstrating that ultrasound mea-

surement of nuchal translucency 

skull) could be used to identify the 

fetus at risk for Down syndrome.14 

Subsequently, new ultrasound mark-

prenatal screening practitioners to 

major aneuploidies of chromosomes 

21, 18, and 13.4 Then, additional 

ultrasound markers (e.g., uterine 

artery pulsatility index) expanded 

screening beyond chromosome er-

rors to disorders of pregnancy such 

as preeclampsia.15 This expansion of 

markers permitted the detection of 

some more rare anomalies and other 

syndromes in addition to the major 

aneuploidies.

In 1997, Lo and colleagues pub-

-

lating and amplifying nonmaternal 

DNA from maternal plasma: at the 

time, they referred to these fragments 

as “fetal” although we know now that 

they are placental DNA fragments.16 

This triggered important clinical ap-

plications given that placental DNA 

largely mirrors fetal DNA (with 

the exception of mosaicism, which 

can occur in the placenta). Today,  

fragments of placental DNA are being 

referenced against the library created 

by the Human Genome Project, and 

new sequencing tools17 are permit-

ting screening for subchromosomal 

defects such as microdeletions using 

commercially available tests. 

Risk factors and tests 
for prenatal screening
The Society of Obstetricians and 

Gynaecologists of Canada (SOGC) 

provides excellent advice on counsel-

ing patients before and after prenatal 

genetic screening.5 Their committee 

opinion on the topic states that some 

-

standing the difference between a 

screening test and a diagnostic test, 

and that counseling will involve ex-

plaining that a positive screen means 

the patient’s risk is above a predeter-

mined cutoff set by a regional pro-

gram, not that her fetus is necessarily 

affected.5 The SOGC also provides 

suggestions for discussing the risk 

factors to consider and the screening 

tests available.

Age. Chromosomal aneuploidy in-

creases with maternal age. A study of 

more than 15 000 embryos from 2701 

patients demonstrated that 20.7% of 

embryos from women age 29 were 

abnormal, compared with 34.5% of 

embryos from women age 35, and 

58.2% from women age 40. By age 

43, over 83.0% of embryos were 

chromosomally abnormal.18 

History. Women with a previous 

pregnancy affected by trisomy 21 

have a higher baseline risk of recur-

rence (approximately 1%) and should 

therefore be offered prenatal screen-

ing regardless of age. 

Quadruple marker (Quad) screen. 

The use of maternal serum markers 

for prenatal screening has evolved 

over time to produce the current Quad 

screen, which requires that blood be 

drawn between 15 and 22 weeks of 

gestation to measure levels of uE3, 

AFP, free beta-hCG, and inhibin A. 

These levels are analyzed along with 

by Wald and colleagues, the Quad 

screen provides improved detection 

rates for trisomies 21, 18, and 13 and 

lower false-positive rates than double 

marker and triple marker screening.19

Nuchal translucency (NT) ultra-

sound. -

tween the fetal skin and skull seen on 

an ultrasound performed between 11 

and 14 weeks of pregnancy can reveal 

anomalies. As a single measurement, 

NT has a detection rate of 75% and a 

screen positive rate of 5%.20 

Today, fragments of placental DNA 

are being referenced against the 

library created by the Human Genome 

Project, and new sequencing tools are 

permitting screening for subchromosomal 

defects such as microdeletions using 

commercially available tests. 
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Open neural tube defects (ONTDs) 

screen. Most open neural tube defects 

trimester nuchal translucency ultra-

sound scan (if the patient receives 

this) or the second-trimester anatomy 

scan at 20 weeks. However, AFP de-

termination between 15 and 22 weeks 

(alone or as part of the Quad screen) 

is an excellent method for detecting 

ONTDs. 

Serum integrated prenatal screen 

(SIPS).  

PAPP-A measurement to the Quad 

panel in SIPS enhances screening. 

second trimesters for PAPP-A meas-

urement, and in the second trimester 

for uE3, AFP, free beta-hCG/total 

hCG, and inhibin A measurement.5 

Integrated prenatal screening 

(IPS). The addition of nuchal trans-

lucency ultrasound to the serum inte-

grated prenatal screen blood tests in 

IPS has been shown to increase the 

detection rate by 2% and reduce the 

false-positive rate by 2.5%.5

First-trimester screening (FTS). 

FTS combines more detailed ultra-

sound assessment with serum sam-

pling for levels of free beta-hCG and 

PAPP-A. The Fetal Medicine Foun-

dation recommends using the follow-

in addition to nuchal translucency: 

fetal nasal bone, facial angle, and 

visualizing the limbs, cranial struc-

tures, heart, stomach, and bladder, 

ultrasound allows assessment of early 

fetal anatomy and major organ sys-

tems. The addition of DV assessment 

to FTS in 2009 led to detection rates 

of 96% with a screen positive rate of 

3%.21 At that time, FTS became the 

-

ing tool available, able to screen for 

monosomy X, trisomies 21, 18, and 

13, and cardiac defects.21,22 FTS also 

offers the advantage of providing re-

sults much earlier in the pregnancy 

(before 14 weeks) compared with the 

18 to 20 weeks required for the Quad 

screen or IPS. 

Noninvasive prenatal testing (NIPT). 

Commercial use of NIPT in British 

Columbia started in 2012 following 

the availability of massively paral-

lel DNA sequencing. However, the 

testing was time-consuming and ex-

pensive, and therefore limited in up-

take.23,24 In 2013, targeted sequencing 

using specific regions of chromo-

somes 21, 18, and 13 was utilized to 

provide a faster and less-expensive 

alternative.23 Also in 2013, the iden-

-

morphism (SNP) using microarray 

was described. SNP array allowed 

for the detection of subchromosomal 

errors, including deletion and dupli-

cation of sequences. Most recently, 

whole genome sequencing has been 

employed to give much higher resolu-

tion of the placental genome.25 Some 

limitations of NIPT are that the com-

mercial products narrow the focus to 

trisomy 21 and, to a lesser extent, tri-

somies 18 and 13. The other limita-

tion is that these products are being 

marketed directly to the patient as 

the “best” type of prenatal screening 

available, while all current clinical 

guidelines on prenatal screening state 

that NIPT should be considered an ad-

junct to currently available screening.

Preeclampsia screening. In 2011, 

Karagiannis and colleagues published 

 

trimester placental growth factor lev-

els, uterine artery Doppler velocim-

etry, and mean arterial blood pressure 

as a screening tool for preeclampsia.26 

Despite detection rates of 95% and 

screen positive rates of only 10%, 

Prenatal screening considerations 

at increased risk of open neural tube defects and trisomies 21, 18, and 13. 

-

er false-positive rates.

improved detection rates and lower screen positive rates, but has the 

drawback of second-trimester reporting.

and free beta-hCG provides the higher detection rates, with results 

history as well as on gestational age and other risk factors. 

screening practices: www.perinatalservicesbc.ca/health-professionals/

professional-resources/screening/prenatal-genetic. 

trimester screening or NIPT.

isolation—NIPT is an adjunct to currently available screening.
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widespread adoption of this screen-

ing tool has not occurred. 

Detection rates 
The detection and screen positive 

rates for screening tests currently 

used in BC are presented in Table 1 .27  

Clinicians should be aware that the 

way these rates are reported for SIPS 

and IPS results can be confusing for 

patients and health care providers. 

First, what is the difference be-

tween a screen positive and a false-

positive? Of all women undergoing 

a screening test who have a positive 

result (i.e., they are screen positive), 

some will have the disorder (i.e., they 

are truly positive) and most will not 

(i.e., they are falsely positive). If the 

screening test is positive, it means that 

the patient requires further testing. 

For example, a patient with a screen 

positive SIPS would be offered NIPT, 

and a patient with a screen positive 

NIPT would be offered a diagnostic 

test such as amniocentesis.27 

Second, why are screen posi-

tive and false-positive numbers so 

variable? This is the result of using 

data obtained from large prospec-

tive prenatal screening trials such as 

SURUSS,28 which aimed at the stan-

dardization of detection rates with 

variable screen positive rates. Gener-

ally, screening tests will aim to have 

high detection rates with low screen 

positive rates. False-positive rates 

in serum screening, for example, in-

crease substantially in women over 

40. This is because the prevalence of 

aneuploidy in this population is high 

at baseline, which increases the pre-

test probability of a positive result.

Insured and 
uninsured tests
Currently, Perinatal Services BC fo-

cuses on the detection of open neur-

al tube defects and trisomies 21 and 

18 using the tests already described: 

SIPS, NT, IPS, and NIPT.27 For pa-

tients meeting the eligibility criteria 

based on age and other risk factors, 

the tests are insured under MSP, as 

shown in Table 2 . 

In BC there are also some private 

pay options for prenatal screening. 

These include FTS, NIPT, and DuO 

(FTS plus NIPT). The detection rates, 

screen positive rates, and costs for 

these are shown in Table 3 . 

Counseling requirements 
The last 40 years have seen tremen-

dous growth in the array of screening 

options. Unfortunately, we have not 

seen a parallel growth in the train-

ing of genetic counselors in North 

America to serve the growing popu-

tests such as NIPT, which can involve 

many complexities that must be ex-

plained for fully informed consent. 

Our greatest challenge in the next 10 

years will be to ensure we can provide 

education and knowledge translation 

for prenatal screening that supports 

patients as they consider the options 

available. 

Summary
The evolution of prenatal screening 

has advanced along with our under-

standing of the human genome, ultra-

Serum integrated 
prenatal screen 
(SIPS)

Integrated 
prenatal screen 
(IPS)

Quadruple 
marker screen 
(Quad screen)

First-trimester screening
Noninvasive 
prenatal testing 
(NIPT)

Tr
is

o
m

y 
21

Screen cutoff 1:300 1:200 1:385 1:100

Detection rate  
(by age in years)

73% (< 35)
83% (35–39)
100% (≥ 40)

86% (< 35) 
96% (35–39) 
100% (≥ 40)

78% (< 35)
80% (35–39)   
100% (≥ 40)

96% (all ages) > 99.0% (all ages)

False-positive rate 
(by age in years)

3% (< 35)
8% (35–39)
19% (≥ 40)

4% (< 35)
7% (35–39)
18% (≥ 40)

4% (< 35)
14% (35–39)
27% (≥ 40)

3% screen positives (all ages) < 0.1% (all ages)

Tr
is

o
m

y 
18 Screen cutoff 1:300 1:300 1:300 1:100

Detection rate 90.0% 90.0% 90.0% 92% (all ages) 97.0%

False-positive rate 0.4% 1.7% 0.4% 3% screen positives (all ages) < 0.1%

Tr
is

o
m

y 
13

> 96% (all ages)

Adapted from Perinatal Services BC. Obstetric guideline: Prenatal screening for Down syndrome, trisomy 18 and open neural tube defects. June 2016.27

Table 1. Detection and false-positive rates for prenatal screening in British Columbia, 2012 to 2015.
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sound technology, and maternal and 

fetal risk factors. Screening methods 

now available can detect the like-

lihood of chromosomal and sub-

chromosomal defects and disorders 

such as preeclampsia. Perinatal Ser-

vices BC focuses on detecting open 

neural tube defects and trisomies 21, 

18, and 13 with tests such as SIPS, 

NT, and IPS, which are provided 

under MSP for patients meeting eligi-

bility criteria. Additional private pay 

options for testing include FTS and 

NIPT. The current clinical challenge 

is to ensure patients are informed 

about the wide array of screening op-

tions, that they receive timely genetic 

counseling to sort out the options, 

that they understand the difference 

between screening and diagnostic 

testing, and that they end up with the 

screening test that gives them the in-

formation they seek. 

Competing interests

None declared. 

References

1. Down JL. Observations on an ethnic clas-

sification of idiots. 1866. Ment Retard 

1995;33:54-56.

2. Mégarbané A, Ravel A, Mircher C, et al. 

The 50th anniversary of the discovery of 

trisomy 21: The past, present, and future 

of research and treatment of Down syn-

drome. Genet Med 2009;11:611-616. 

3. Ross GT, Tijo JH. Cytogenetics in clinical 

endocrinology. JAMA 1965;192:977-986.

4. Alldred SK, Takwoingi Y, Guo B, et al. First 

and second trimester serum tests with 

and without first trimester ultrasound 

tests for Down’s syndrome screening. 

Cochrane Database Syst Rev 2017;(3): 

CD012599. 

5. Cartier L, Murphy-Kaulbeck L, Genetics 

Committee. Counselling considerations 

for prenatal genetic screening. J Obstet 

Gynaecol Can 2012;34:489-493. 

6. Wilson RD. Woman’s pre-conception 

evaluation: Genetic and fetal risk consid-

erations for counselling and informed 

choice. J Obstet Gynaecol Can 2017; doi: 

10.1016/j.jogc.2017.07.024.

7. Spencer K, Berry E, Crossley JA, et al. Is 

maternal serum total hCG a marker of tri-

somy 21 in the first trimester of pregnan-

cy? Prenat Diagn 2000;20:311-317.

8. Spencer K, Mallard AS, Coombes EJ, 

Macri JN. Prenatal screening for trisomy 

18 with free beta human chorionic gonad-

otrophin as a marker. BMJ 1993;307: 

1455-1458.

9. Cuckle HS, Wald NJ, Lindenbaum RH. 

Maternal serum alpha-fetoprotein mea-

surement: A screening test for Down syn-

drome. Lancet 1984;1(8383):926-929.

10. Wald NJ, Cuckle HS, Densem JW, Stone 

RB. Maternal serum unconjugated oes-

triol and human chorionic gonadotrophin 

levels in pregnancies with insulin-depen-

dent diabetes: Implications for screening 

for Down’s syndrome. Br J Obstet Gynae-

col 1992;99:51-53.

11. Casals E, Fortuny A, Grudzinskas JG, et al. 

Tests Detection 
rate

Screen 
positive rate

Cost Provider

First- 
trimester 
screening 
(FTS)

Ultrasound + maternal 
serum sampling 
between 11 and 14 
weeks

96.0% 3.0% $550 PCRMa

Noninvasive 
prenatal 
testing 
(NIPT)

Maternal serum 
sampling after 9 to 10 
weeks

99.9% 0.1% $400− 
$1000

LifeLabsb

PCRM
Olivec

DuO (FTS 
plus NIPT)

Ultrasound + maternal 
serum sampling after 
9 to 10 weeks + 
maternal serum 
sampling between 11 
and 14 weeks 

> 99.9% 0.1% $1000 PCRM

a Pacific Centre for Reproductive Medicine, www.pacificfertility.ca
b LifeLabs, www.lifelabsgenetics.com
c Olive Fertility Centre, www.olivefertility.ca

Test Eligibility criteria

Serum integrated prenatal 
screening (SIPS)

Integrated prenatal 
screening (IPS)* 

Noninvasive prenatal 
screen

*IPS = SIPS combined with nuchal translucency ultrasound

Table 2. Eligibility criteria for MSP-insured prenatal tests in British Columbia.

Table 3. Uninsured prenatal tests available in British Columbia.



252 BC MEDICAL JOURNAL VOL. 60 NO. 5, JUNE 2018 bcmj.org

Prenatal screening options in British Columbia

First-trimester biochemical screening for 

Down syndrome with the use of PAPP-A, 

AFP, and beta-hCG. Prenat Diagn 1996; 

16:405-410. 

12. Wald NJ, George L, Smith D, et al. Serum 

screening for Down’s syndrome between 

8 and 14 weeks of pregnancy. Interna-

tional Prenatal Screening Research 

Group. Br J Obstet Gynaecol 1996;103: 

407-412.

13. Cuckle HS, Holding S, Jones R, et al. Ma-

ternal serum dimeric inhibin A in second-

trimester Down’s syndrome pregnancies. 

Prenat Diagn 1995;15:385-386.

14. Nicolaides KH, Azar G, Byrne D, et al. Fetal 

nuchal translucency: Ultrasound screen-

ing for chromosomal defects in first tri-

mester of pregnancy. BMJ 1992;304: 

867-869.

15. O’Gorman N, Wright D, Poon LC, et al. 

Accuracy of competing-risks model in 

screening for pre-eclampsia by maternal 

factors and biomarkers at 11–13 weeks’ 

gestation. Ultrasound Obstet Gynecol 

2017;49:751-755. 

16. Lo YM, Corbetta N, Chamberlain PF, et al. 

Presence of fetal DNA in maternal plas-

ma and serum. Lancet 1997;350(9076): 

485-487. 

17. Natera. Panorama prenatal screening 

test. Accessed 19 March 2018. www 

.natera.com/panorama.

18. Franasiak JM, Forman EJ, Hong KH, et al. 

The nature of aneuploidy with increasing 

age of the female partner: A review of  

15 169 consecutive trophectoderm biop-

sies evaluated with comprehensive chro-

mosomal screening. Fertil Steril 2014; 

101:656-663.e1. 

19. Wald NJ, Huttly WJ, Hackshaw AK. Ante-

natal screening for Down’s syndrome 

with the quadruple test. Lancet 2003; 

361(9360):835-836. 

20. Nicolaides KH. Screening for fetal aneu-

ploidies at 11 to 13 weeks. Prenat Diagn 

2011;31:7-15.

21. Maiz N, Valencia C, Kagan KO, et al. Duc-

tus venosus Doppler in screening for tri-

somies 21, 18 and 13 and Turner syn-

drome at 11–13 weeks of gestation. 

Ultra sound Obstet Gynecol 2009;33: 

512-517. 

22. Kagan KO, Cicero S, Staboulidou I, et al. 

Fetal nasal bone in screening for trisomies 

21, 18 and 13 and Turner syndrome at 

11–13 weeks of gestation. Ultrasound 

Obstet Gynecol 2009;33:259-264. 

23. Gekas J, Langlois S, Ravitsky V, et al. Iden-

tification of trisomy 18, trisomy 13, and 

Down syndrome from maternal plasma. 

Appl Clin Genet 2014;7:127-131. 

24. Morain S, Greene MF, Mello MM. A new 

era in noninvasive prenatal testing. N Engl 

J Med 2013;369:499-501. 

25. Boon EM, Faas BH. Benefits and limita-

tions of whole genome versus targeted 

approaches for noninvasive prenatal test-

ing for fetal aneuploidies. Prenat Diagn 

2013;33:563-568. 

26. Karagiannis G, Akolekar R, Sarquis R, et al. 

Prediction of small-for-gestation neonates 

from biophysical and biochemical mark-

ers at 11–13 weeks. Fetal Diagn Ther 

2011;29:148-154. 

27. Perinatal Services BC Obstetric guideline: 

Prenatal screening for Down syndrome, 

trisomy 18 and open neural tube defects. 

June 2016. Accessed 31 January 2018. 

www.perinatalservicesbc.ca/health 

-professionals/professional-resources/

screening/prenatal-genetic.

28. Wald NJ, Rodeck C, Hackshaw AK, Rud-

nicka A. SURUSS in perspective. Semin 

Perinatol 2005;29:225-235. 

The last 40 years have seen tremendous 

growth in the array of screening 

options. Unfortunately, we have not 

seen a parallel growth in the training of 

genetic counselors in North America


