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Abstract

Background: In recentyears, the superior accuracy of maternal plasméreglIDNA-

based prenatal screening has resulted in > 50% national decline in amniocenteses and
chorioniewvillus sampling (CVS), creating new implications for specialist training.
ObjectivesTo compare the annual figures on amniocenteses and CVS in a tertiary hospital
with national populatiofased trends betwe@012-2015.

M ethods: Retrospective study examining the amniocentesis and CVS procedures

performedn a tertiary hospitabetween 2012 and 2015. Numbers of procedures,
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indications for testing, type of test, and diagnostic results were analyseds Tmehe
annual numbers of procedures were compared to national population-based data from
Medicare Benefits Schedule database.

Results: The"annual numbers of diagnostic proceduresiirtertiary centreell from 267

to 215 aver the study period, representing a 1916&tine. This was significantly smaller
than the correspondinmationaldecline of 53.7% for the same perigek 0.0001). In 2015,
ultrasound abnormality (including nuchal translucencg.5mm) surpassed high risk
screening result as the most common indication for invasive testinty percenof
procedures performed for an ultrasound abnormality occurred prior to 18 weeks gestation.
Conclusion: Qur tertiary centrexperienced eelativelysmallerdecline inprenatal
diagnostigprocedures compareadth nationalfigures largely due to an increase in testing
for ultraseund abnormaiés Our results demonstrate the increasing contidioudif first
trimester ultrasounah thedetection of fetal abnormalities the cfDNA eraand the

continued viability of specialist training in invasive procedures.

Background
The superioraccuracy of maternal plasmaifre# (cf) DNA- based prenatal screenjng

also known as noninvasive prenatal testing (NIR&}, led to dramatic declines in invasive
procedures localfyand globally. Recently this journal reported a national reduction in
amniocentesis and chorionic villus sampling (CVS) procedures of more than 50% over the
past 5 year§The greatest reduction within the-26ar study period was observed in the
first yeamof:efDNA availability in 2013 Similarly, in Victorian populatiosbased data,
2013-marked the lowest rate of diagnostic procedures in 25%/8hese changes pose
challenges for tertiary centres to maintain the procedural volume requinedifttenance

of skills and subspecialist trainifigyith a recent survey of Australian obstetric sonologists
suggested that one in four are now performing less than 25 procedures Algfeaugh

the Rayal Australian and New Zealand College of Obstetricians and Gynaecologists
(RANZCOG) does not specify a minimum annual number of invasive procedures for
subspecialists, it does set targets for maternal fetal medicine (MFM) and obstetrical and
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gynaecological ultrasound (COGU) subspecialty trainees (100 amniocearelsed CVS

for MFM, and 100 each for COGU fellows over three years of accredited training).

Due to'the'impact of cfDNA screening on training opportunities for subspecialists, we
conducted a study of amniocenteses and CVS at one of three accredited subspecialty
training_sites in Victoria. We hypothesized that the unique nature of theatgfepulation

to a tertiary centre would mean @nsistent case load of high risk referrals that would
ensure continued access to procedural trainifge aim of this study was to analyse the
numbers,‘indications and results of diagnostic testing and to compare the sitiglelata
with national figures for the four year period spanning the introduction of cfDNA based

screeningrintAustralia.

Materials and M ethods

This study was a retrospective audit of amniocentesis and CVS procedures gefffmrm

genetic testing at the Mercy Hospital for Women (MHWeidelberg Victoria from
January=2022 to December 2015 inclusive. Ethical approval for this study was granted by
the Mercy Health Human Research Ethics Committee (R16/09).

Combined first trimester screening (CFTS) with nuchal transluc@tymeasurerant

and serum markers is the most common form of aneuploidy screening in Victoria and
attracts government fundirign contrast, cfDNA based screening is only available on a
patientfunded basis. Public hospitals do not routinely fund cfDNA as a secorddidor

womensreferred with high risk CFTS results.

Data on all amniocenteses and CVS were extracted from the procedural logbooks at the
MHW for thestudy period. If the logbook records were incomplete, data was manually
obtaihed from the electronic ultrasound reporting database (VieWphiand/or review of
the patient medical records. Demographic and clinical information were collected and
recorded in a purpogeuilt secure online research database (Relajve also collected

information on the number of fetuses, type of diagnostic tests and final karyotype results

This article is protected by copyright. All rights reserved



Women with multiple pregnanciegthin the study period were considered as individual
case. Test results were considered abnormal if there was at least one fetal chromosome

abnormalitydetected. Only results of fetal chromosome analysis are reported here.

The primary outcomes were annual figures on: (i) number of diagnostic procedyres, (i
indications for testing, and (iii) proportion of tests with a major chromosome abiitgrmal

(trisomy,, triploidy, pathogenic copy number variation (CNV), mosaic trisomy, monosomy).

To compare results from our single centre experienttepopulationbased data, we
accessed /publicalgvailable information from the Medicare Benefits Schedule (MBS)
datbase(accessible at

http://mediearestatistics.humanservices.gov.au/statistics/mbs_itefarjgiem numbers

16600 (diagnostic amniocentesis) and 16603 (chorionic villus sampling by any route) for
the period 2012 to 2015 inclusive. The results to 2014 have been previously répdeted.
updated these data to include the full calendar year of 2015 and compared the proportional
declinesfrom=2012 to 2015 with our tertiary tenexperience.

Statistical analysis was performed with the 2 samytéstzfor difference in proportions, or

the chi-squared test for trend where appropriate, with p < 0.05 being considered significa

Results

Annualinumber s of procedures

A total of+915 diagnostic procedures were performed at MHW between January 2012 and
December-2015. Of those procedures, 664 were amniocenteses, 237 were CVS and 14 were
classified as “other”, most commonly therapeutic amnioreduction. The vawitynaf the
procedures were performed on singleton pregnancies (n=877), with the remaining

procedures performed on 36 twin antti@let pregnancies.
The annual number of diagnostic procedures in our hospital decreased from 267 to 215

during the study period, equating to a 19.5% decline (Figure 1). Over the same time period,

the annual national total of amniocenteses and CVS declined from 9834 to 4558, a decline
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of 53.7%. The proportional decline in procedures from 2012 to 2015 was significantly less

in our tertiay centre than the national population based figures (p< 0.0001).

There'was an increase in the usetobmosomal microarrayC(MA) instead of the
traditionalG-banded karyotypfr prenatal samplesising steadily from 20.5% to 95.6%

of all testing durig the study period (Figure Zthromosomal microarrays are able to

detect small gains or losses of DNA (copy number variations, CNVs) that are not detectable
by traditionalkaryotypingnd increase the yield of testing, particularly in the presence of a

structural'fétal abnormality

The mostreeammon major chromosomal abnormalities detected during the study mggod w
trisomy=21+(n=60), pathogenic CNVs (n=22, including 3 cases of 22q11.2 deletion
syndrome), trisomy 18 (n=12), triploidy (n=8), monosomy X (n=7), other sex chromosome

aneuploidies (n=4), and trisomy 13 (n=3).

I ndicationsfor testing

Over the four-year study period, the most common indication for diagnostic testray wa
high risk screening result (50.3% of all procedures), followed by ultrasound abnormality
(32.0%), risk of single gene disorder (5.8%), advanced maternal age al@bg (Btetric
history of previous chromosome abnormality (3.0%) and other indications (5.8%).

Figure 3sshoews the annual number of procedures by indication. From 2012 to 2015 the
volumesofsprocedures performed for high risk screening results declinéiicaighy from

147 to 94, representing an overall significant reduction in the proportion of all tests
performed for this indication from 54% to 43% (cdguared statistic fdnear trend = 4.92,

p = 0.03). Testing for high risk cfDNA testing increased from zero in 2012 to 11 in 2015.

Two procedures wengerformed due to failed or inconclusive cfDNA results.

There was a significant increase in the number and the proportion of proceduresqeerform
for ultrasound abnormalities from 57/198 (28.8%) in 2014 to 88/218 (40.4%) in 2015 (p =
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0.01). In 2015, the number of procedures performed for an ultrasound abnormality
approached that performed for a high risk screening result (n= 88 and 94 respectively). |
women wlo had diagnostic testing forhégh risk CFTSn the presence of a nuchal
translucency 3.5mm or cystic hygroma were included under the indication of ultrasound
abnormalities, then ultrasound abnormality would have become the most common
indication for testing in 2015 (n = 98).

Over the entire stydperiod, 322 women had a diagnostic procedure performed in the
presence of an ultrasound abnormality: 293 had testing for ultrasound abnormality as
primary.indication and 29 had testing for high risk CFTS with a NeI5smm. Of these
womeny97+(30.1%) werless than 18 weeks gestation at testing, representing the

contributionof early ultrasound for detection of fetal abnormalities in our population.

Prenatal diagnosis for advanced maternal age alone is increasingly rare in accordance with
changing prenatal screening practices, with only four women undergoing testing for this

indicationsin=2015. Other indications for testing remained constant over the study period.

Diagnostic yield

We defined diagnostic yield as the percentage of procedures that réstiftedliagnosis

of a major chromosome abnormality, excluding benign CNVs, balanced translocations,
confined placental mosaicism, and CNVs of uncertain or unknown significance. The
overall diagnostic yield was 123/915 (13.4%). When grouped by indication for testing, high
risk cfDNAsresult demonstrated the highest diagnostic yield of 12/17 (70.6%) kitipe

risk cfDNAresults for sex chromosomes aneuploidy were excluded, the diagnostiofyiel
NIPT was 11/12 (91.7%). Ultrasound abnormality yielded the next best diagnostic yield
(17.7%), follewed by high risk CFTS (14.9%). Three women had failed test resuéd (fai

culture,or sampling).
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There was an increase in the proportion of tests that detected minor chromosome
abnormalities or CNVs of uncertain anknown significance, from 1.8% to 8.7% of all

tests in association with the increase in CMA use (Figure 4).

Discussion

This study confirms that our Victorian tertiary centre experienced a decline sivava
diagnostic procedures in line with glole#nds, but that this declin@as not as steep as
reportedimationalpopulationbased statistics® Furthermore, there was no actual decline
in numbers between 2014 and 2015, suggettiaigour centre has reached a steady state of
approximately 200 procedures p.a., a volume adequate to maintain existing subspecialty

training-activity®

The less than expected decline in procedures was due to the increasing case load of high
risk pregnancies with structural abnormalities, no doubt reflecting the particular
characteristics of our tertiary referral populatiddvances in first trimester ultrasound are
also arlikely=eontributor to the increased number of structural anomaliesediite 2015It

is recommended that women at increased risk of aneuploidy due to an ultrasound
abnormality (including N 3.5mm) undergo diagnostic testing with chromosomal
microarray, rather than consider secondary screening with NIPT, due to theeacrisk

of apathogenic CNV?.°Our hospital has increasingly adopted CMA as the standard
method of chromosome analy$is all patientswith > 95% of prenatal samples in 2015

being sentsfor CMA rather than G-banded karyotype.

Anotherreasorfor the continued numbers of invasive prenatal procedures in our public
hospitalare the considerable financial barriswgfDNA screening for public patients.
Australian wemen accessing cfDNA screening@szlominantly irprivateobstetric care,
creating. significanequity ssues for practic®™ In some health care systems, cfDNA is
publicly-funded for high risk patients (eg. California Prenatal Screening Program

http://www.cdph.ca.gov/programs/pns/Padefdult.asp) but Australia has yet to adopt a

government-funded model for cfDNA testing.
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Thirty percent of our diagnostic procedures performed for an ultrasound abnormality
(including NT >3.5mm) were performed prior to 18 weeks gestation. The high proportion
of our'sample that had ultrasound abnormalities detected prior to the routine 18K22 we
scan has important implications fibke role of first trimester ultrasound independent of
CFTS The retention of the 11-14 week ultrasound for women chocfgA screening

as a primary screening test has been advocated because early diagnosis is possible for
approximatély 50% of fetal abnormaliti&sFurthermore, up to 16% of women choosing
cfDNA screeningwill have an early ultrasound finding that would alter counselling on their
prenatal screening strategy, such as correction of dates, detection of fetdiyanauttigple

gestationrormnonviable pregnanCy.

The detection of fetal anomalies in late first trimester requires highly trained sonographers
and high quality ultrasound equipmeRtture analysis of our referral sources is planned to
determine the level of obstetric ultrasound expertise associated with these early diagnoses

of structuralrabnormalities.

As a tertiary referral centre, MHW experienadoverall diagnostic yield of 13.4%
consistent with recent statede figures of 15.8% This reflects both the improved
specificity of current screening methods and the high number of women referred with
structural abnormalities. It has important imptions for future planning of genetic
counsellingsservices and clinical pathways for women following the diagnosis of a major

chromesome:abnormality.

One of the limitations of this study is the use of MBS data to estimate national sushber
procedures..MBS billing statistics do not capture all procedures performed, and
underestimate the number of procedures performed on public hospital patients. Haweve
we were only calculating the proportional decline over the study period, we bék\tbe
MBS database provided an accurate quantification of national trends in preagialsis

to compare with our hospital data. Another limitation of our stadlge lack of national
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data on indications for prenatal testing and the results of chromosome testirightirghl

current deficiencies in population-based data collection in this field.

The International Society for Ultrasound in Obstetrics ande@giogy has acknowledged
the difficulty in defining the minimum nunéb of procedures necessary fi@ining a new
specialist and has suggested that 100 procedures is an appropriaté @ugeentre
currentlyhas 2.0 full-time equivalerstubspecialistrainees1.6 FTE maternal fetal
medicine and 0.4 FTE obstetrical and gynaecological ultrasound) who require this
procedural‘training to be completed by the end of a three year fellowship program.eéviultipl
consultants provide the supervision to these trairitkesnajority of which have sessions in
private ultrasound practices where they perform diagnostic procedures ayprima
operators=Qur results support the ongoing viability ofterrary centrdor maintaining
adequate diagnostic procedural volume for training, though we should continue to
maximize existing training opportunities and explore novel training methods, such as

simulation models in the future.

Conclusion

The 19.5% decline in prenatal diagnostic procedures observed in our tertiary iceetre s
2012 was significantly less that than the 53.7% decline reported in nationally, due to
increasing referrals for fetal structural abnormalities, and possibly lesssdocefDNA
screening among public patients. Overall, one in seven invasive procedures in our
populatienwyielded a diagnosis of a major chromosome abnormality. Our results
demonstratesthe substantial contribution of the first trimester ultrasounarfpdetection
of fetal'abnormalities in thefDNA era and the continued viability of specialist training in

invasive prenatal procedures.
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Figure 1.Tertiary centre genatal diagnostic procedures and major chromosome
abnormalities detected by year

Major-abnormalities excluded benign copy number variations (CNVs), balanced
translocations, confined placental mosaicism, and CNVs of uncertain or unknown

significance.

Figure 2. TertiarcentreG-banded karyotype and chromosomal microarray (E&f\) by

year.

Figure 3/Annual tertiary centr@rocedures by indicatidior testing
* chi-squarettest for trend, p = 0.03
# z-test for difference in proportions, p = 0.01

Figure 4.Tertiary hospital cagnostic yieldof prenatal testingy year.
Major-abnormalitieexcluded benign copy number variations (CNVs), balanced
translocations, confined placental mosaicism, and CNVs of uncertain or unknown

significance.
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