PAT VAN DE

Phuong phap thu tinh trong ong nghi¢ém (TTON) dong mot vai tro
quan trong trong linh vuc hd tro sinh san. Bé d1eu tri TTON dat ket qua
cao dam bao cho ra doi mot thé hé khoé manh vé thé lyc, sang sudt vé
tinh than, gép phan nang cao chét lwong dan sé thi viéc nghién caru mot
phuong phap wu viét dé lya chon phéi tét c6 bo nhidm sic thé (NST)
binh thuong 1 yéu ciu cép thiét va thyc tidn. Hién nay, viéc lya chon
phoéi thuong chi da trén nhiing tiéu chuan vé hinh thai cia phoi, do do
khong phan 4nh day du chit lwong thyc cua phoi. Hau hét cac nghién
ctu truéc day chi ap dung ky thuat lai huynh quang tai chd
(FISH/Fluorescence In Situ Hybridization) chi cho phép kiém tra mot
s6 lwong gigi han NST cua phdi dé suy luan danh gia toan bo phdi nén
ty I¢ chan doan 4m tinh gia cao. Do vay muc tiéu cia nghién ciu (NC)
nay la ap dung mot ky thuat mai, st dung bo thu chip DNA goi 1a
phuong phap lai so sdnh bo gen (array comparative genomic
hybridization/ a-CGH) dé phan tich toan b 23 cap NST cua phéi nham:

1. X&c dinh ty 1é léch béi nhiém sic thé (LBNST) trén 23 déi NST
ciia phéi ngdy 3 sau thu tinh trong ong nghiém bang ky thudt lai
so sanh bg gen (a-CGH) va kha nang tu sita chita cia phoi ngay
3 bi LBNST khi pht trién thanh phoi nang.

2. Nghién ciu mot so yéu t6 lién quan véi LBNST ciia phéi ngdy 3
truede 1am 6.

NHUNG PONG GOP MOI CUA LUAN AN

Y nghia khoa hec va y nghia thyc tién ciia dé tai

Dé tai nay 1a co s¢ dé khuyén cao tng dung mét phuong phap chon
loc phoi hiru higu, chinh xdc hon cac phuong phap trude day, gop phan
lam tang hiéu qua caa ky thuat diéu tri thy tinh trong ong nghiém.

Nghién ctu nay c6 tinh cap thiét, c6 gia tri thuc tién rat cao va co
tinh nhan van sau sac.

La tai lieu tham khao hitu ich trong linh vuc Hd tro sinh san, Phoi
hoc va Di truyén hoc.

Piém méi cia dé tai

Ap dung phuong phap a-CGH 1a phuong phap hi¢n dai xét nghi¢m
cho toan bo 23 d6i NST cua 1257 phdi cho két qua kha chinh xac vé ty
16 LBNST cuia phdi ngay 3 va c4c yéu t6 lién quan dén LBNST.

Xac dinh dugc gi4 tri cia mot sé chi bao quan trong dé du doan
phoi LBNST dua vao phan tich don bién, da bién két hop véi phan tich
ty s6 kha nang. Nhitng chi bao nay c6 gia tri ng dung 1am sang cao.

~ Ching minh dugc khd nang ty stra chira cua phdi LBNST khi phat
trién thanh phoi nang va kha nang nay lién quan chit ché véi tuoi me.

CAU TRUC LUAN AN

Luan &n gom 133 trang khong ké phu luc va tai liéu tham khao, c6
17 hinh anh va 34 bang, tong quan: 37 trang, doi tuong va phuong
phép: 13 trang, két qua: 35 trang, ban luan: 40 trang, két luan: 2 trang.

Chuwong 1: TONG QUAN

1.1 Sy phét trién ciia phéi truéc khi lam td

(1) Phoi & giai doan tién nhan. (2) Phdi & giai doan phén chia. (3)
Phoi dau. (4) Phoi nang.
1.2 Hién twgng léch bi nhiém sic thé (LBNST) ¢ noan va phoi

LBNST hién tuong sé lugng NST cua té bao ting 1én hoic giam di
mot hodc vai NST so voi b NST ludng boi dan toi: phoi ngung phat
trién trudc khi lam t6, sdy thai, thai chét luu; thai séng nhung phat trién
bt thuong nhu trong hoi chirng Down, hoi ching Klinefelter...LBNST
hay gap ¢ giao tir va phoi nguoi do sy sai Iéch trong phén ly caa NST.
1.3 Hién tuwgng phoi thé kham

Lan dAu tién dugc cong bd vao nam 1993. Phoi thé kham la phdi c6
hai hay nhiéu dong phodi bao c6 sé lugng NST khac nhau trong mot
phéi, nhitng phdi nay thuong ngimg phat trién trude khi dén giai doan
phdi nang, thuong ¢ giai doan phéi dau.
1.4 Cac phuwong phap phén tich NST caa nodn va phoi

(1) Phuong phép lai huynh quang tai chd (fluorescent in situ
hybridization/FISH). (2) Phuong phap lai so sdnh bo gen (comparative
genomic hybridization/CGH). (3) Phuong phap lai so sdnh b gen ding
chip DNA (array —comparative genomic hybridization/a-CGH). (4)
Phuong phap phan tich da hinh don nucleotide dung chip DNA (array
Single Nucleotide Polymorphism /a-SNP). (5) Phuong phap giai trinh
tw gene thé hé moi (Next Generation Sequencing/NGS).
1.5 Ty 1€ LBNST ¢ phdi

Trén 50% phdi tao ra trong ong nghiém ¢ giai doan phan chia co bt
thuong vé NST, ty 1é nay ting 1én dén trén 80% & phu nit 1on tudi. NST
co ty 1 léch LBNST cao la 22, 16, 21, 15, 13, 18, 17 va XY (Al-Asma
2012, Rubio 2013). Mac di mot s6 phoi bat thuong ngirng phét trién tir
giai doan ngay 3 va 5 nhung phan I6n van phat trién dén giai doan phoi



nang. 0 giai doan phdi nang, trén 40% phoi bat thuong, ty & nay ting
cling véi tudi me (Fragoull 2010, Traversa 2011).
1.6 Kha ning phat trién va ty sira chira cia phoi LBNST thanh
phoi nang

Phdi LBNST c6 kha ning hinh thanh phéi nang nhung véi tan suét
thdp hon phéi binh thuong (Magli 2000, Sandalinas 2001, Li 2005,
Rubio 2003). Khoang 40% phdi LBNST khi xét nghiém lai & giai doan
phdi nang tré lai binh thuong (Li 2005).
1.7 Mgt so yeu to lién quan dén LBNST
1.7.1 Sy phét trién cia phoi va LBNST
* Phoi ¢ giai dogn phén chia

Céc NC dung phuong phap FISH dé danh gia NST thay LBNST c6
lién quan dén tdc do phat trién cua phéi. Phdi ngirng, cham phat trién
hay phéat trién quéa nhanh c6 ty 1é LBNST cao hon phoi phat trién binh
thuong (Magli 2007, Finn 2010).
* Phoi ¢ giai dogn phéi nang

LBNST xuét hién ¢ giai doan phdi nang nhung ty 1& thap hon so véi
phdi ¢ giai doan phan chia (Fragouli 2008).
1.7.2 Hinh thai phdi va ty ¢ LBNST
* Hinh thai phdi bao khdng dong deu va LBNST: Sir dung phuong phap
FISH dé danh gia NST, cac NC truéc thdy nhing phdi bao khong dong
déu c6 lién quan vai tang ty 18 LBNST (Hardason 2001, Finn 2010).
* S6 heong, ty 1é manh vun té bao trong phdi va LBNST: Str dung
phuong phap FISH danh gia NST ciia phoi, cac nghién ctu trudc thiy
s6 lugng manh vun cia phdi cang nhiéu thi ty 1&é LBNST cang cao
(Magli 2007, Munne 2007).
* Sy phan bé manh vun té bao trong phdi va LBNST: Sir dung phuong
phap FISH dé danh gia NST cua ph6i, phoi ¢6 manh vun nam rai réc c6
ty 16 LBNST cao hon so v6i phdi c6 cac manh vyn nam tap trung tai
mot vi tri (Magli 2007).
* Hinh thai phdi nang va ty ¢ LBNST: LBNST c¢6 anh huéng xau t6i sy
phét trién cua phdi ¢ giai doan phoi nang dan téi giam chét luong cua
mam phoi va nguyén bao 14 nudi ciing nhu toc do phét trién cua phoi
nang (Kroner 2012).
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1.7.3 Bénh nhan co du trir buéng trieng giam: Do véi phu nix dugi 40
tudi ndng do FSH cao, ¢6 ty 16 LBNST ting dang ké (p<0,02) (Munne
1998). Ty lé tré sinh ra bi tam thé 21 ting dang ké & phu nix tré tudi co
kha ning du trix buong trang giam. Téng nong d¢ FSH c6 thé lién quan
tryc tiép dén dén ty 16 LBNST & moi lra tudi (Kline 2000, Van
Montfrans 1999).
1.7.4 Mgt so nguyen nhén gdy vé sinh cé lién quan dén ty 1¢ LBNST:
Ty lé LBNST tang ¢ céc truong hop: thai phu bi lac ndi mac ti cung,
tac dong cua cic yeu t6 ‘anh huong dén qua trinh phéng noan va ¢
nhirng phu nir ¢ tien sir sy thai (Fasolino1998, Weghofer 2007).
Chuong 2: POI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1 Pdi twong nghién cau
2.1.1Tiéu chudn chen loc déi tugng
Déi twong nghlen cau la phdi ngay 3 cia cac cap vo chong lam IVF
tai trung tam IVF Red Rock. Cac phoi nay co cac tiéu chuan sau:
-Toan bo phdi 3 ngay tudi lay lan luot tir khi nghién ciru cho dén khi du
s6 lugng nghlen cuu.
-Phoi ngay 3 co it nhat 4 phdi bao.
-S4 lwong manh vun trong phdi khong qua 30%.
2.1.2 Tiéu chudn logi tree
Cac phdi khong dung v6i tiéu chuin d4 néu & muc 2.1.1
2.1.3S6 lwong doi twong
Nghién cuu theo phuong phap mo ta, tién hanh loai tién ciu nén ¢
mau dugc tinh theo cong thic sau:
Z2(1-0/2) p q
N= trong do
. ey
N= c& mau toi thieu
Z (1-0/2) biéu thi do tin cay; Néu do tin cay cua nghién ciu 1a
95%, tuong ing VGi o= 5% thi  Z (1-0/2) = 1,96
e € 1add sai léch cua nghién ciu so véi thuc té. Do sai léch € chi
trong gisi han tir 0,1% (0,01) dén 10% (0,1).
e pbiéuthi mottylé dai dién cho 1 tiéu thic NC duoc xéac dinh
& muyc tiéu NC va lién quan dén d6 sau ciia NC.
e = 1-p biéuthi ty 18 binh thuong.
Ap dung vao nghién ctu nay:
e D¢ tincay = 95% tuong tmg o = 5% thi Z? 1-0/2 = 1,96
e p =53% = 0,53 (ty Ié phoi phat trién binh thuong khong co
manh vun ma bi léch boi thé (Magli 2007).
e (q=1-053=047




e €=0,055 (g10| han cho phép vé thong ké)
Thay s6 liéu vao cong thirc trén ta co:
1,962 x 0,53 x 0,47
N= = 1126

(0.53 x 0.055)?

Sé phoi téi thiéu dwet thu thap nghlen ciru 1a 1126

2.2 Phuong phap nghién ciru va thu thap s ligu

2.2.1 Thiét ké nghién ciru

Nghién ctu theo phuong phap mo ta tién hanh theo cach tién cuu
2.2.2. Phwong phap tién hanh va thu thap So ligu
*Pja diém nghién ciu: Nghién ciu duoc tién hanh tai trung tam IVF
Red Rock (Red Rock Fertility Center/RRFC), thanh phd Las Vegas,
bang Nevada, USA.

*Quy trinh tién hanh, thu théap sé liéu

Tt ca bénh nhan déu duogc tién hanh theo quy trinh sau:

-Xét nghiém ni tiét: Vao ngay thir 3 cua chu ky kinh, cac bénh nhan dugc
xét nghiém cac noi tiét sau: FSH, E2, LH, P4, prolactin, TSH va beta hCG
bing phuong phap Immuno assay (ROCHE E411, Indiana, USA).

-Kich thich budng trimg: C6 2 phuong phap kich thich budng tring
dugc st dung:

Str dung Lupron (Leuprolide acetate; TAP Pharmaceuticals, Lake
Forest, IL) dé diéu hoa xuong trén 14 ngay, bat diu tir ngay 21 caa chu
ky kinh truéc. FSH tong hop (Gonal-F, EMD Serono hay Follistim,
Organon USA) c6 thé két hop véi Menopur (Ferring Pharmaceticals,
Parsippany, NJ) dugc su dung tir ngay thir 3 cia chu ky kinh.

Str dung phac d6 dung GnRH antagonists (Cetrotide, EMD Serono,
Rockland, MA hay Ganirelix, Organon USA, Roseland, NJ): Bénh nhan
duoc kich thich bang FSH tong hop (Gonal-F hay Follistim), cé thé két
hop vai Menopur tir ngay thir 3 cta chu ky kinh. Antagon dugc sir dung
sau 5-6 ngay dung FSH (khi nang trang dat 14mm)

HCG (5000-10000 IU Profasi, Serono; Pregnyl, Organon) dugc chi
dinh khi c6 it nhat trén 2 nang noan cé kich thugc trén 17 mm.

-Choc ldy nodn: Noan duoc liy qua dudng am dao dudi sy chi dan cua
siéu am 36h sau hCG. Noan lay ra dugc nudi trong méi truong Global
(LifeGlaobal, USA) véi 10% SSS (Serum Substitute Supplement, Irvine
Scientific, USA) trong ti ciy CO2 6,5 %, 02 5%, N2 88,5 % & 37°C.
-Tiém tinh tring vao bao twong cua nodn (ICSI): Tat ca noan trusng
thanh dugc thy tinh bang phuong phap ICSI vai tinh triing cua chong
hozc ctia nguoi hién tinh tring.

-Danh gia thu tinh va qua trinh nudi cay phdi: Khoang 16-18 gio sau
ICSI, trimg duoc duge danh gia xem c6 thu tinh hay khéng. Néu da thu
tinh tao thanh phdi s& xuit hién 2 tién nhan va 2 cuc cu. Sau d6 phoi
duoc danh gia ghi diém & ting thoi diém 40 gio, 68 gio va 112 gid sau
khi thy tinh. S& lugng va hinh thé ciia nhan, sé phdi bao, va thé loai
manh vun dugc thu thap dé danh gia chét Iwong.

-Sinh thiét phoi bao: Diing kim sinh thiét hit nhe nhang 1 phoi bao vao
ngay thir 3 (66-68 gio sau tiém tinh trung) khi phoi co it nhét 4 phdi bao
va c6 s6 lugng manh vun khong qua 30%. Sau do6, phoi lai duoc chuyén
vao mdi truong nudi cay cho dén ngay 5 hay 6.

-Phan tich di truyén biang phuong phap a-CGH: Phéi bao ldy ra duoc
cho viao PCR tube va dugc gui toi phong xét nghiém di truyén Genesis
Genetics (Detroit, Michigan, USA) dé danh gia 23 cap NST cua phoi
biang phuong phap a-CGH. Tai phong xét nghiém di truyén, phéi bao
duoc lam phan rd. DNA cia phdi bao can xét nghiém va DNA chiing
duoc nhan 1én bang phuong phap SurePlex (BlueGnome, UK). DNA
cua phdi bao can xét nghiém va DNA chimg dugc duoc danh dau biang
hé thong danh diu huynh quang theo sy huéng dan cua nha san xuét
(BlueGnome, UK). Thoi gian dé danh diu la 3 gio. Sau do, DNA d4
duoc danh diu s& dugc tiép xdc véi chip DNA (24Sure-BlueGnome) va
dugc 0 qua dém. Sang hom sau, chip DNA dugc ngdm 10 phdt ¢ dung
dich 2x SSC/0,05% Tween-20 & nhiét d6 khoang 25 d6 C, sau d6 10
phit ¢ dung dich 1x SSC & nhiét d6 25 d6 C, tiép theo ¢ 0,1x SSC trong
5 phit & nhiét do 59 6 C va cudi cung 1 phat trong dung dich 0,1 x
SSC ¢ nhiét d6 25 @6 C. Chip DNA duoc lam kho trong 3 phut va dugc
dua vao may quét hinh. Hinh anh thu dugc sé dugc phan tich st dung
phan mém Bluefuse (BlueGnome, UK). Chan doan thira thiéu NST néu
15 hay hon 15 diu do bi léch khoi gigi han binh thuong theo phuong
phap 24Sure.

-Chuyén phéi vao budng tir cung: Phdi binh thuong s& dugc chuyén vao
budng tir cung cua ngudi me hoic dugc du trir dong lanh khi phét trién
thanh phdi nang.

-Theo dbi cAc phdi bi LBNST (sau khi xét nghiém): Phéi LBNST dugc
nudi cy trong tu cAy dé theo ddi sy phéat trién thanh phdi nang. Nhirng
phodi nay néu phat trién thanh phdi nang néu dugc su chip thuan cua
bénh nhan s& dugc sinh thiét lai bang phuong phéap sinh thiét nguyén
bao 14 nudi. Tir 2 dén 6 nguyén bao 14 nudi dwoc sinh thiét va chuyén




vao ong PCR dé giri di xét nghiém phong xét nghiém di truyén Genesis
Genetics dé xet nghlem bing phuong phap a-CGH.
2.3 Céc chi 6, blen sb nghién ciu
2.3.1 Cacchi s6 Vé dic diém mdu nghién ciru: S6 luong phdi bao (PB),
do dong déu cua PB, ty 1& manh vun, kha nang phét trién thanh phoi
nang, toc do phat trién ciia phoi nang (cac giai doan cia phoi nang)
chat 1uong phdi nang, kha nang tu stra chira cua phoi, tudi me, nguyén
nhan vo sinh, tlen st san khoa, ndng do FSH co ban.
2.3.2 Céc chi sé vé két qud a-CGH: ty l¢ LBNST, ty Ié phdi binh
thuong (BT), ty I¢ LB trén 1 cap, 2 cap, 3 cap va > 3 cap NST.
2.3.3 Cactiéu chudn ¢é lién quan dén nghién citu
*Nong do FSH trong mau: Nong d6 FSH 10 mIU/ml dugc lay 1am diém
cat dé phan bi¢t gitra b¢nh nhan bi giam duy trix budng tring va bénh
nhan ¢ budng tring binh thudng vé sinh ly.
*Bdnh gid phoi giai dogn phan chia (3 ngay sau thy tinh).
-Déanh gia phoi giai doan phan chia dwa vao dac diém quan sét phoi
nhu: s6 lwong PB: phoi ¢6 4-6 PB = cham phat trlen phdi c6 7-9 PB =
phat trién binh thuong; phéi c6 > 10 PB= phat trién nhanh.
-S4 lwong manh vun trong phdi (% manh vun so véi tong thé tich phoi):
< 5% manh vun = it; 6-15% manh vun = trung binh; 16-30% manh vun
= nhiéu; >30% manh vun = rét nhiéu. .
-Sy phan b manh vun trong phdi: tap trung= manh vun nam tap trung
tai mot vi tri ; Rai rac = manh vun nam rai rac gitra cac phoi bao.
-Kich thudc phOI bao: dong déu = cac PB c6 kich thudc tuong ddi bang
nhau; khong ddng déu = cac PB co kich thudc khac nhau (>25%).
*Danh gid phbi nang ngay 5 va 6
-banh gia budc 1 dya vao khoang phdi nang va hién tugng thoat mang
e Giai doan 1: phdi nang giai doan sém (early blastocyst):
Khoang dich chiém dudi % tong thé tich ciia phoi
e Giai doan 2: ph6i nang (blastocyst): Khoang dich chiém trén ¥
tong thé tich cua phoi
e Giai doan 3: ph6i nang day (full blastocyst): Khoang dich
chiém hau hét thé tich cua phoi
e Giai doan 4: ph6i nang rong (expanded blastocyst): Khoang
dich phét trién rong lam cho mang trong suét bit dau mong dan.
e Giai doan 5: phOI nang dang thoat mang (hatchlng blastocyst):
nguyén bao 14 nudi bit dau thoat ra khoi mang trong sudt
e Giai doan 6: phoi nang da thoat mang (hatched blastocyst): phoi
nang d& hoadn toan thoat ra khoi mang trong suot
e Danh gia budc 2:

-Déi voi phdi nang tir glal doan 2 dén giai doan 6, can phai danh gla
budc 2 vé dic diém nguyén bao phdi (Inner Cell Mass/ICM) va nguyén
bao 14 nudi (Trophectoderm/TE) nhu sau :

e Danh gia nguyén bao phoi: loai A = khi ¢ rat nhiéu PB lién két
chat chg; loai B = khi vai PB lién két long léo; loai C =khi c6
rat it PB; loai D =khi khong thiy ICM

e Danh gia nguyén bao 14 nudi: loai A = nhiéu PB lién két tao
thanh biéu mod két; loai B = vai PB tao thanh biéu md roi rac;
loai C = co vai PB 16n.

2.5 Xir ly s6 ligu
S4 liéu thu dugc s& dugc st ly bang phuong phép tinh thong ké sau:
*Phép tinh thdp phdn dé xdc dinh ty 1¢
Khi binh phuong dé xac dinh sy khac nhau giita 2 ty 1é ¢6 y nghia
thdng ké khi khi binh phuong > 3,84 tuong tng vaoi p<0,05 (dinh tinh).
(ad-bc)2. N
Khi binh phuong (Chi square ) =

(ath) (c+d) (a+c) (b+d)
*Phép tinh nguy co twong déi (Relative Risk/RR)

RR biéu thi cu thé cach do luong huong dinh luong vé hau qua
(LBNST) tang cao gap bao nhiéu 1an khi c6 yéu té nguy co tac dong so
vé6i nhém ching khong cé yéu té nguy co tic dong. Cach tinh dya vao
bang 2x2 nhu sau (bang 2.1):

Bang 2.1: Bang tinh thdng ké giira yéu to chi béo va ty 16 LBT

Yéu té nguy co Tinh trang that vé NST cua phdi
(chi bao) LBNST Binh thuong Cong
(c6 bénh) (khéng c6 bénh) ;
Co mat (+) a (+ that) b (+ gia) a+b
Khong c6 mit (-) c (- gia) d (- that) c+d
Cong atc b+d atb+c+d =N

Nguy co tuong doi (relative risk) RR= (a/a+b) / (c/c+d)
*Ty 56 khd nang (ltkelyhooa' ratio/ LR)

LR dung dé danh gia gia tri (hay sy chinh xac) cua mot yéu té
(phuong phép) chan doan. C6 2 loai LR:

LR+ 1a ty s6 cua ty 1& duong tinh that (c6 yéu té chi bao thi phéi bi
LBT) va ty Ié duong tinh gia (¢ yéu té chi bao, nhung phoi binh thudng).
LR(+) = (a/a+c) / (b/b+d)

LR(+) cao hon 1 ¢6 nghia 12 khi c6 mat yéu t5 1am sang (yéu té chi bao)
cho thiy kha ning phéi bi LBT. LR (+) cang cao cang c6 gia tri.
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LR- 3 ty s6 cua ty 1¢ am tinh gia (phoi bj LBT khi khong c6 yéu té chi
bao) va ty 1€ am tinh thét (khdng co yeu to chi bao thi phdi binh thuong).
LR(-) = (c/atc) / (d/b+d) thuong dudi 1, cang thap cang co gia tri.
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2.6 Vin dé dao dirc trong nghién ciu

Nghién ciru nay duoc tién hanh sau khi d& dugc su chip thuan cua
hoi ddng khoa hoc, dao duc cua Truong Pai hoc Y Ha Néi. Déi tuong
nghién ciru ty nguyén tham gia nghién ciru sau khi dwoc cung cap day
du cac thong tin can thiét vé nghién ciiu. Nghién ciu chi duoc tién hanh
khi c6 sy cam két gitra bénh nhan va Red Rock Fertility Center.

Chuong 3: KET QUA
3.1 Pic diém ciia bénh nhan c¢6é phdi dwoc xét nghiém bing phwong
phap a-CGH
Bang 3.1: Dic diém tudi me

Tubi S6 bénh nhan dwoc lay phoi | S lweng phoi
<35 93 (45,8 %) 640 (51 %)
35-40 83 (40,9 %) 481 (38,3 %)
>40 27 (13,3%) 136 (10,7 %)
Cong 203 (100%) 1257 (100 %)

Nhgn xét: Gan % sé bénh nhan dén sinh thiét phoi dé chan doan LBNST
dudi 35 tudi (45,8 %) véi tdng s6 phdi chiém hon 50%. Trén 13% bénh
nhan trén 40 tudi véi tong s6 phdi chiém hon 10%.
3.2 Ty 18 LBNST ¢ phdi ngay 3 sau thu tinh
3.2.1 Ty 1¢ LBNST va mire dp LBNST ¢ 1257 phdi ngay 3

Bang 3.2: Ty 1é LBNST va muc ¢6 LBNST

So phoi S5 Dhoi 6 X6
duoc R 0 phoi co;xet
6t S6 phoi bj LBNST = 783 (62,3%) nghiém cu the tirng
T a cap NST =877
nghiém
LBNST phic
LBNST dugc xac dinh tap, khong
theo tirng cap NST xac dinh dugc Phoi bi
theo cip NST LBNST Phéi BT
LBé¢ | LBé | LB& LB >4 cip
lcap | 2cap | 3cap NST
NST | NST | NST
1257 231 127 45 380 403 474
(37,7%)

Nhdn xét: Ty 1é LBNST cua phdi ngay 3 cao 62,3%.
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3.2.2 Ty 1¢ LBNST phan bé theo cgp NST o
Béang 3.3: Ty LBNST thé phén bo theo cac cap NST tur thap dén cao

12

Bang 3.4: Két qua danh gia lai bang sinh thiét té bao l4 nubi ngay 5-6
cua phoi nang phét trién tir phdi ngay 3 c6 LBNST

So [fhoi _riang‘ nga}{ 5—’6 Binh thuong
phét trién tir phéi co LBNST % ; N

LBNST & ngay 3 (tur sira chira)
112 79 (70,5%) 33 (29,5%)

Nhdn xét: 29,5% phdi bi LBNST & ngay thir 3 c6 kha nang tu sta chira
tré lai binh thuong (qua xét nghiém té bao 14 nudi).
3.3.2 Khd ning tir sita chiza ciia phoi LBNST ngay 3 va tusi me

Bing 3.5: Kha ning ty sira chita cua phdi va tudi me

Tuéi S6 phai Tw stra chira Khong tu sira RR
xét nghiém | (binh thwomg) | chira (LBNST)

<35 46 22 (47,8%)* 24 (52,2%) 1

35-40 50 11 (22%)° 39 (78%) 2,17

>40 16 0 (0%)° 16 (100%)

Cong 112 33 (29,5%) 79 (70,5%)

o So lwong ca So cap bi So cap khon

Cap NST NeT T LBNST LBnsT T | RR
Cip 56 5 877 10 (L1%) 867 (98,9%) 1.0
Cip 56 10 877 10 (L1%) 867 (98,9%) 1.0
Cip 56 8 877 11 (1.3%) 866 (98,7%) 1.18
Cip 567 877 12 (14%) 865 (98,6%) 1,27
Cip 56 17 877 12 (14%) 865 (98,6%) 1.27
Ciip 56 3 877 13 (15%) 864 (98,5%) 1,36
Cip 56 6 877 15 (1.7%) 862 (98,3%) 1,55
Cip 56 2 877 17 (1.9%) 860 (98,1%) 1.73
Cip 56 12 877 17 (1.9%) 860 (98,1%) 173
Cips64 877 18 (2.1%) 859 (97,9%) 1,01
Cip 56 11 877 18 (2.1%) 859 (97,9%) 1,01
Cip 56 14 877 19 (2.2%) 858 (97,8%) 2.0
Ciip 56 20 877 24 (2,7%) 853 (97,3%) 2.45
Cips6 1 877 25 (2,9%) 852 (97,1%) 2.64
Cip 56 18 877 28 (3.2%) 849 (96,8%) 2,01
Cip 56 13 877 29 (3.3%) 848 (96,7%) 3.0
Cip 569 877 30 (3.4%) 847 (96,6%) 3.09
Cip XY 877 35 (4%) 842 (96%) 3.6
Ciip 56 21 877 44 (5,0%) 833 (95%) 455
Cip 56 15 877 49 (5,6%) 828 (94,4%) 5,00
Ciip 56 16 877 54 (6,2%) 823 (93,8%) 5.64
Cip 56 19 877 56 (6.4%) 821 (93,6%) 5.82
Ciip 56 22 877 74 (8.4%) 803 (91,6%) 7.64

(Ghi cht: 380 phéi bj LBNST phuic tap khong c6 két qua chinh cac cap
nao khéng tinh trong bdng nay)
Nhdn xét: T4t ca cac cap NST déu bi LB theo cac ty & khac nhau.
3.3 Kha niing tw sira chira caa phéi ngay 3 bi LBNST
3.3.1 Ty 1¢ phdi tw sita chiza ¢ giai dogn phdi nang

Trong tong s6 1257 phdi duoc sinh thiét ngay 3 c6 253 phdi bi
LBNST nhung van ¢6 thé phét trién duoc thanh phdi nang. Trong s6
253 phdi nay vao ngay 5 va 6 sau khi thy tinh, 112 phoi nang duoc Sy
ddng y cua bénh nhan tién hanh sinh thiét xét nghiém dya trén phan tich
té bao 14 nudi cho két qua sau (bang 3.4):

P*<0,025; P*°<0,005
Nhdn xét: Kha niang phoéi ty sua chira (phbi bi LBNST ngay 3 trg lai
binh thuong & ngay 5 va 6 khi ¢ giai doan phdi nang) phu thugc vao
tudi me: *Tuéi me 35-40 thi kha nang tu sia chia giam trén 2 lan so
véi khi tudi me tré < 35; *Tudi me > 40, ph6i bi LBNST c6 thé phat
trién thanh phéi nang nhung khéng c6 kha ning tu sira chira.
3.4 Mt s6 yéu t6 lién quan dén LBNST qua phén tich don bién
3.4.1 Tién sir Sdy thai, diéu trj vo sinh va LBNST

Bang 3.6: Tién sir say thai, diéu tri vo sinh va LBNST

Tién sir LBNST BT | Cong | RR
D4 bi say thai/ hcg (+) 48 (60%) 32 80 1,04
Sau ky thuat U1 bi thit bai 175 (66%) 90 265 | 1,15
Sau ky thuat IVF bi that bai 146 (76%) 46 192 1,32
Chua diéu tri/phuong phap khac | 414 (57,5%) | 306 | 720 1
Cong 783 474 | 1257

Nhgn xét: O bénh nhan da that bai diéu tri IVF, ty 16 LBNST cao nhit.
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3.4.2 Nguyén nhan vé sinh va LBNST
Bang 3.7: Nguyén nhan vo sinh va LBNST

Nguyén nhan vé sinh LBNST BT Cong RR
R&i loan phéng nodn 14 (66,7%) 7 (33,3%) 21 2,44
Khong rd nguyén nhan 359 (65,9%) | 186 (34,1%) 545 2,41
Do yéu t6 tinh tring 258 (61,7%) | 160 (38,3%) | 418 2,26
Buong tring da nang 73 (60,3%) 48 (39,7%) 121 2,21
Do Vdi tring 29 (54,7%) | 24 (45,3%) 53 2
Do lac ni mac tir cung 47 (53,4%) 41 (46,6%) 88 1,96
Do tir cung 3 (27,3%) 8 (72,7%) 11 1
Cong 783 474 1257

Nhdn xét: R6i loan phdng nodn, buong trang da nang va yéu to tinh

trung va vo sinh khdng rd nguyén nhan tuong tng voi LBNST > 60%.

3.4.3 Tudi me lién quan d@én LBNST
Bang 3.8: Tudi me va nguy co LBNST

Tubi LBNST Binh thudng
Sb Sb Cong | RR | LR® | LR"
me J % e %
phoi phoi
>40 125 91,9° 11 8,1 136 1,85 8,5 0,74
35-40 340 70,7° 141 29,3 481 1,42 1,7 0,69
<35 | 318 |497°| 322 | 503 | 640 | 1
Cong 783 474 1257
(Ghi chu: RR va LR so sanh voi tuéi me tré <35)
P#* <0,001; P*¢ <0,001; P"¢ <0,001
Nhgn xét: Tudi me cang tang thi ty 1&é LBNST cang cao
3.4.4 Néng d@p FSH co ban ciia me lién quan dén LBNST
Bang 3.9: Nong do FSH co ban va LBNST
FSH LBNST Binh thuwon N " :
(mIU/ml) [S&phoi | % | S5 phoi 0/(? Cong |RR| P |LR®|LRO
>15 106 |763| 33 [237] 139 |13
<15 677 60,5 441 3951118 | 1 |<0,001| 1,93 | 0,93
Cong 783 474 1257
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*Toc do phét trién cua phdi biéu thi qua so lwong PB va LBNST

Bing 3.10: Sy phét trién cua phdi ngay 3 va LBNST
S6 phdi LBNST Binh thuong . + }
b0 [SEpRai] 9% Sbphoi ] % | Cend | RR | LRV LR
4-6 148 83,1° 30 16,9 | 178 1,48 31 0,82
7-9 445 56,3" 345 43,7 | 790 1
>10 190 65,7° 99 34,3 | 289 1,17 1,35 0.9
Cong 783 1257

(Ghi chi: RR va LR so sanh véi ph6i cé 7-9 té bao)
P** <0,001; P"° <0,001; P*° <0,001 ‘
Nhgn xét: Phoi phat trién cham hay qua nhanh déu co6 nguy co bi
LBNST cao hon phoi phat trién binh thuong (P<0,001); Phoi phat trién
cham cd 4-6 PB ngay 3 c6 ty 16 LBNST cao hon phoi phat trién nhanh
c6 > 10 PB ngay 3 (P < 0,001).
*D¢ dong deu cua kich thudc phdi bao ngay 3 va LBNST
Bang 3.11: Sy dong déu ciia cac phoi bao va LBNST

Do LBNST _ | Binh thuong | .. N
ddng ddu [ Sb phdi | % | S phoi 7 |Cong| RR | P |LRILRO
Khongdéu| 497 |816| 112 |184| 609 | 1,85 | <0,001| 2,69 | 0,48
Pau 286 | 441] 362 |559] 648 | 1

Cong 783 474 1257

Nhdn xét: Kich thuéc phdi bao ngay 3 khong dong déu c6 LBNST cao.
*Xuat hién manh vun trong phéi ngay 3 va LBNST
Bang 3.12: Sy xuat hién manh vun trong phdi va LBNST

% manh | LBNST | Binhthuong | -. . _
van  [S6phoi | % TSéphoi] % | Co9 | RR | LRYLRO
1630% | 193 | 750° | 64 | 24,9 257 | 1,39 | 1,96 | 0.77
615% | 276 657" 144 343 420 | 121 | 133 | 082
05% | 314 | 541° | 266 459 580 | 1
Cong | 783 474 1257

(Ghi ch(: RR va LR so sanh véi phoi ¢ 0-5% mdanh vun)
P*" <0,025; P*¢ <0,001; P* <0,001; P"* <0,001
Nhdn xét: ty 1&¢ manh vun tang thi kha nang bi LBNST cang cao

(P<0,025).

*Syr phan bé vi tri manh vun trong phdi ngay 3 va LBNST
Béing 3.13: Sy phan bé manh vun va LBNST

Nhdn xét: FSH co ban >15 mIU/ml tuong Gng vai ty 1€ LBNST 76,3%
3.4.5 Téc dg phét trién va hinh thai ciza phoi ngay 3 va LBNST

Phan bé LBNST Binh thuong | ~. o o
manh vun | Sophdi | % | Sophodi | % Cong | RR P LR™|LR
Rai rac 584 77,6 169 22,4 | 753 | 1,94
Tap trung <0,001| 2 |0,39
ngoai Vi 191 |401| 285 |599| 476 | 1
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[Cong | 775 ] | 454 ] | 1229 | | | |

(Ghi cha: 28 phéi khdng ¢d manh vun khong tinh trong bang nay)

Nhgn xét: Phoi c6 manh vun phén b rai rac tuong tng tang ty 1¢ LBT.

3.4.6 Téc dg phét trién thanh phdi nang, hinh thai ciia phéi nang

*Sye phét trién cua phoi tir ngay 3 dén giai dogn phdi nang (biéu th;
bang kha ndng hinh thanh phdi nang) va LBNST
Bang 3.14: Sy phat trién thanh phoi nang va LBNST
iR LBNST Binh thuong " ) )
Phat trien SEphoi | % | Séphoi | % Cong | RR P LR™|LR
Cham/ngting 530 77,4 155 22,6 | 685 [1,75
Phoi nang 253 44,2 319 55,8 | 572 1 |<0,001| 2,1 | 0,48
Cong 783 474 1257
Nhgn xét: LBNST s& anh huong dén sy phét trién thanh phdi nang.
*Sye phét trién cua phoi tir ngay 3 dén giai dogn phdi nang (biéu th;
bang thoi diém hinh thanh phdi nang sém hay mugn) va LBNST
Béing 3.15: So sénh LBNST & phdi nang ngay 5 va phéi nang ngay 6
Phat trien LBNST Binh thuong n ) O
Phoi nang | Séphdi | % | Séphoi | % | CoM9|RR| P ILRTVILR
Ngay 6 156 [667] 78 |33.3] 234 |23
Ngay 5 97 28,7 241 71,3 | 338 1 |<0,001| 252 | 0,51
Cong 253 319 572

(Ghi chii: 685 phéi khéng dii tidu chudan khong tinh trong bang nay)

Nhgn xét: Phdi phét trién thanh phéi nang vao ngay 6 c6 ty 18 LBNST

cao hon so vgi phéi nang vao ngay 5.
*Toc dg phét trién cia phdi nang vao ngay 5 va LBNST
Bang 3.16: Tdc d6 phat trién cua phdi vao ngay 5 va LBNST
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P2P<0,005; P*°<0,001; P*%<0,001; P*<0,001; P*'<0,001; P"°<0,001;
PP9<0,001; P¢<0,001; P*’<0,001; P*“<0,005; P*¢<0,001; P*<0,001;
PYe>0,05; Pf<0,001; P*'<0,05
Nhdn xét: Phoi nang phat trién cang cham 1am cho nguy co LBNST ting .
*Mue d¢ LBNST va kha nang hinh thanh ph6i nang

Béing 3.17: Mac d6 LBNST va kha nang hinh thanh phdi nang

Ngieng, N
cham phéattrien | RR1 | RR2 | Tong
Sophbi| % | Sophdi %

Miie dp LBNST| oI nang

Binh thuong 319 67,3° 155 32,7 1 474

LBo1cipNST| 121 |52,4° 110 47,6 | 0,78 1 231

LB ¢ 2 cap NST 53 41,7° 74 58,3 | 0,62 | 0,8 127

LB ¢ 3 cap NST 14 31,1° 31 68,9 | 0,46 | 0,59 45

LB >3 cap NST 65 17,1° 315 829 | 025| 0,33 | 380

Tong 572 685 1257

P*"<0,001; P*°<0,001; P*°<0,001; P*’<0,001; P"°>0,05; P"%<0,025;
P"¢<0,001; P“*>0,05; P**<0,001; P**<0,05
Nhgn xét: Kha ning phat trién thanh phoi nang c6 xu hudng giam dan
khi mirc 3o LBT tang.
*Gioi tinh ciia phoz (xac dinh trén ph0| nang phét trién binh thuong ¢
giai dogn 2-6) vao ngay 5 sau thy tinh va LBNST

Trong tong s6 1257 phoi dugc xét nghiém a-CGH, 685 phdi cham
hay ngimng phét trién, con lai 572 phoi phat trien thanh ph0| nang (ngay
5 va 6), trong do 338 ph01 phat trién thanh phoi nang ngay 5. Trong so6
338 phdi nang ngay 5 ¢6 317 phdi nang co két qua sb lugng NST gidi
tinh binh thuong. Sau day 1a két qua phén tich gigi tinh va LBNST trén
317 phdi nang noi trén.

Béing 3.18: Gigi tinh ctia phdi nang ngdy 5 va LBNST

—— LBNST Binh thwrong -

Giéi tinh = r 5T % | 56 phoi % P~ | Tong
XX a1 | 758 118 742 | 5005 | 159
XY B | 222 123 77.8 158
Tong 76 241 317

Nhgn xét: Ty 1¢ gidi tinh 1:1 doi voi ph6i phat trién binh thuong vao
ngay thr 5. Ty 1¢ LBNST khong khong bi chi phéi qua gigi tinh.
*Chat lwong ciia mam phdi (ICM) va LBNST

Bang 3.19: Chat lugng ciia mam phdi va LBNST

Giai doan phat trién caa L,\BNST Binh thudng A *) &)
bhéi nang S‘f. % S‘f. % Cong | RR | LRTI LR
phoi phoi

Ngung phat trién 274 [91,6°] 25 8,4 299 (4,2 | 6,58 | 0,16
Phat trién cham: phdéi dau 97 |[80,8°| 23 19,2 | 120 |3,7| 5,6 | 0,37
Phat trién cham: Giai doan 1 | 315 | 63° | 185 37 500 | 2,9 | 1,67 | 0,27
Giai doan 2 33 [434° 43 | 56,6 | 76 | 2 | 2,04 0,73
Giai doan 3-4 18 [36,7°] 31 [ 633 | 49 [1,7] 18 | 0,85
Giai doan 5-6 46 |216'| 167 | 784 | 213 | 1
Cong 783 474 1257

LBNST Binh thwong Cong RR LR® | LR®

Mam phdi S6phoi| % | Séphdi | %

(Ghi ch(: RR va LR so sanh vdi giai dogn 5-6)

Loai C-D 58 80,6 14 194 | 72 2,74 6 0,57

Loai B 131 | 46,3° 152 53,7 | 283 1,57 1,34 | 0,66
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Loai A

64

29,5°

153

70,5

217

Cong

253

319

572

(Ghi chi: RR va LR so sanh véi mam phoi logi A)
P*<0,001; P*°<0,001; P*°<0,001
Nhdn xét: Chat lugng ICM glam dan khi ty 16 LBNST tang (P<0,001).
3.3.6.7 Chat lrong cuia nguyén bao la nudi ph0| (TE) va LBNST
Bang 3.20: Chit luong cuia nguyén bao 14 nudi phoi va LBNST

Nguyén bao 14 LBNST BT + ]
nuoi S5phoi| % | Séphei] 96 | CoY | RR |LRV|LRY

Loai C 67 79,8° 17 20,2 | 84 2,11 269 | 041

Loai B 157 38,1° 255 61,9 | 412 | 0,99 | 0,99 1

Loai A 29 38,2° 47 61,8 | 76 1

Cong 253 319 572

(Ghi ch(: RR va LR so sanh vdgi logi A)

P*P<0,001; P*°<0,001; P*°>0,05

Nhdn xét: O phoi nang co TE chat luong kém (loai C) co LBNST cao.

18

MV <6%

Cong

436 289 725

Ghi cha: RR va LR so sanh véi phdi c6 7-9 té bao va 0-5% manh vun
(nhdm ching)
Nhgn xét: Khi so sanh véi nhém chiing *néu 2 yéu t6 s6 PB <6 va ty I&
manh vun >5% cung tic dong, s& tdng nguy co LBNST Ién 1,69 lan;
*néu 2 yeu to so PB =10 va so lugng manh vun trung binh >5% cung
tac dong sé tang nguy co LBNST 1én 1,36 lan.
3.5.3 Phdn tich da bién 2 yéu té: dp déng déu vé kich thwéc phoi bao
va sir c6 mgt manh vun

Bing 3.23: Phoi bao khong déu, manh vun > 15% va LBNST

3.5 Mt s6 yéu té lién quan den LBNST qua phén tich da bién
3.5.1 Phan tich da bién 2 yéu té: So lwong ph0| bao va tusi me
Bang 3.21: Lién quan giita tudi me; s6 luong PB va LBNST

£k LBNST Binh thuon . + ]

2y8uth g5 ST o T Sh phoi 0/? Cong| RR| P |LR®|LRO
4-6 phdi bao 98 [875| 14 |12,5]| 112 |2,02[<0,001] 6,3 | 0,69
Tubi>35
>10phéibao | 107 [759| 34 [241] 141 [1,75[<0,001]295] 0,72
Tudi >35
7-9 ph0| bao 185 43,4 241 56,6 | 426 1

Tudi<35
Cong 390 289 679

Ghi chl: RR va LR so s&nh véi ph6i cé 7-9 té bao ¢ me <35 tudi (hhém

ching); 427 phéi khéng dii tiéu chudn khong tinh trong bang nay.

Nhgn xét: Khi so sanh véi nhdom chung, thi 2 yeu t6 ph6i phat trién

nhanh hay cham ¢ me I6n tudi tac dong két hop lam ting nguy co

LBNST Ién 1,75 - 2 lan.

3.5.2 Phén tich da bidn 2 yéu té: s6 lupng phoi bao va sgrcd mat manh van
Béng 3.22: Lién quan gitta s6 PB; manh vun >5% va ty I¢ LBNST

2 yéu th salﬁﬁé\ilST% s%lgr?atihwt% cong |[RR| P |LR®)| LR
A6PB | 129 (832 26 | 168 | 155 |169]|<0001] 35 | 0,69
MV>5%

ST0PB | 101 |66 50 | 331 | 151 |1.36]<0001] 173 | 03
MV>5%

70PB | 206 |492] 213 | 508 | 419 | 1

2véuts | LENST | Binhthuong | oo e | b |LR®| LRO
So phdi | % [Sbéphoi| % | °

khong déu 157 |863| 25 [13,7| 182 |1,98

MV >15%

déu 250 |436| 323 |[564| 573 | 1 |<0,001|5,36 | 0,66

MV <15%

cong 407 348 755

Nhén xét: Khi so sanh vai phéi ¢ PB déu vé6i < 15% manh vun, thi 2
yéu t6 PB khong déu va manh vun >15% tac dong két hop lam ting

nguy co LBNST Ién 1,98 lan.

3.5.4 Phin tich da bién 3 yéu té6: Téc dp phét trién cha phoi
nhanh/ch@m, PB khong déu, manh vun >15%

Bang 3.24: Phoi phat trién nhanh/cham, PB khong déu, manh vyn >
15% va LBNST

ALK LBNST Binh thwong A *) o)
3Yeuto S6phoi| % | Séphoi | % Cong| RR | LR LR
> 10 phoi bao
khong déu 26 89,7 3 10,3 29 | 2,3 12 0,88
MV >15%
7-9 phoi bao b
déu MV< 15% 168 39 263 61 | 431 1
< 6 phoi bao
khong déu 62 84,9° 11 151 73 | 22 | 6,75 | 0,76
MV >15%
Cong 256 277 533

P*P<0,001; P"°<0,001; P**>0,05
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Nhdn xét: So véi phdi c6 7-9 PB déu véi <15% manh vun thi *khi c6 3
yéu t6 s6 PB>10, PB khong déu, manh vun >15% két hop lam ting
nguy co LBNST 1én 2,3 1an; * khi 3 yéu t6 s6 PB < 6, PB khong déu,
manh vun >15% két hop 1am tang nguy co LBNST 1én 2,2 lan.

3.5.5 Phin tich da bién 3 yéu té: Sé phoi bao, sw co6 mgt manh vun, va
vi tri mdnh vun

Bang 3.25: Phdi phét trién nhanh/cham, manh vun > 15%; phén b rai
rdc va LBNST

LBNST Binh thuong

3Yeuto =xrhai | % | Séphoi [ %

cong| RR | LR® | LRY

>10 PB
MV >15% 34 79,12 9 209 | 43 | 23 | 5,61 0,8
Rai rac

7-9 PB
MV < 15% 114 | 35° | 212 65 | 326 | 1
Tap trung

<6 PB
MV >15% 77 86,5° 12 135| 89 | 25 75 0,63
Rai rac

Cong 225 233 458

P*’<0,001; P"°<0,001; P**>0,05

Nhdn xét: so sanh véi phdi cd 7-9 PB Vi <15% manh vun nam tap
trung thi *khi c6 3 yéu té s6 PB >10, manh vun >15% rai rac két hop
lam tang nguy co LBNST 1én 2,3 1an; * khi 3 yéu té s6 PB < 6, manh
vun >15% rai rac tac dong két hop lam ting nguy co LBNST Ién 2,5
lan.

Chuong 4: BAN LUAN

4.1 Ban luan vé phwong phap phan tich di truyén

4.1.1 Ban ludn vé danh hwéng ciia vige sinh thiét phoi

*Sinh thiét phdi ngay 3: Hién tai con hai quan diém lién quan dén anh
hudng cua sinh thiét phdi dén sy phét trién thai vé sau

-Quan diém cho rang sinh thiét phoi bao khéng anh huong dén phoi:
(Vii va CS 2012, Nguyan va CS 2013).

-Quan diém cho rang sinh thiét phoi bao ¢ anh huong dén phdi it hoic
nhiéu (Scott 2013).
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-Phdi ¢ giai doan phan chia c6 ty I phoi thé kham cao vi vay chin doan
chi dya vao viéc phan tich mét té bao khong dai dién cho toan bo phoi
do vay chén doan khong hoan toan déng tin cy.

*Sinh thiét phdi nang: nhiéu chat liéu di truyén hon nén két qua chinh
xac hon; an toan hon do mét lwong nho trong téng sé phéi bao duoc ldy
ra; Phoi c6 kha ning song phat trién véi téc do binh thuong thanh phoi
nang ¢ kha ning ty sira chira léch boi thé.

4.2.2 Ban lugn Vé phwong phdp a-CGH

*Uu diém cia phirong phdp a-CGH: kha ning danh gia trén toan bo 46
NST.

*Han ché ciia phirong phap a-CGH: khong the phat hién cac truong
hop bét thuong trong ciu truc cua nhiém sic thé ¢ dang cin bang,
khong phat hién dugc mét s6 da boi nhu tam boi (triploid) (69,XXX); ti
boi (tetraploidies) (92,XXXX hay 92,

4.2 Ban luan vé ty 18 LBNST ciia phoi ngay 3

Trong NC nay, ty I¢ LBNST Ia 62,3%, phu hop véi cdc NC truée
day cho la phdi nguoi truge lam t6 6 ty 16 LBNST cao. Ty Ié nay cao
hon so véi mot s6 NC khac str dung FISH do phwong phap FISH danh
gia 5-12 cdp NST nén ty I¢ am tinh gia cao. Két qua NC nay thap hon
S0 v6i mot s6 NC trude diy co dbi twong la cac bénh nhén c6 nguy co
cao.

Két qua cua NC nay thiy ring céc cap NST ciia phoi ngay 3 déu c6
nguy co bi LBNST. Trong mét phéi, hién tugng LB c6 thé xay ra & 1
hay nhiéu NST trong d6 LB thé phtc tap hay gap nhét, khac voi NC cua
Traversa va CS (2011), nghien cau trén phdi nang théy s phdi bi
LBNST thap hon & phdi ngay 3 va LB phuc tap it gap nhat do LB phirc
tap thuong bi ngung phat trién trugc khi phat trién thanh phdi nang,
dung vao thoi diém ma Traversa chon phdi nghién ciu.

Trong NC nay thay la tit ca cac cip NST déu c6 bi LB, hay gip
nhat & cap 22, 19, 16, 15, 21, XY, 9, 13, 18, phu hop voi két qua cua
Al-Asma (2012), Rubio (2013), Guitierez (2011), Franasiak (2014) khi
cac phuong phap phan tich di truyén khac nhau dugc sir dung.

4.5 Ban luan vé kha ning tr sira chira cia phoi

Théng nhat véi két luan cua cac NC sir dung phuong phap FISH,
chling ti thay 1 trong sé 112 phdi ngay 3 bi LBNST phét trién thanh
phdi nang, ¢ 29,5% cho két qua binh thuong sau sinh thiét lai. Ty 1é
nay thip hon trong nghién ctiu cua Li va cong sy khi ho thiy ty 18 phoi
tu stra chira 1a 40%], hay nghién ciru ctia Munne va cong sy khi ty 1€ tu
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sira chira rit cao gan 70% do Li va Munne sir dung FISH 5-9 dau do
nén ty I¢ &m tinh gia cao, mot s6 phoi bat thuong ¢ cac NST khéng
duoc danh gia lai duoc cho la binh thuong

C6 hai co ché giai thich hién tuong phdi tu stra chira: hién tugng phoi
thé kham cao & phdi tién lam té va hién twong hién twong phuc hdi tam
thé (trisomy rescue).

Mot diém méi chua dugc néu lén trong cdc NC trudc day la phoi
LBNST c6 thé phat trién thanh phoi nang ¢ ca phu nit 16n tudi nhung
kha nang tu stra chita & nguoi me trén 35 tudi giam dang ké S0 VGi & me
tré dudi 35 tudi. Nguyén nhan phu nit 16n tudi kha ning ty sira chira
kém 1a do & nhom nay ty 1&6 LBNST caa nodn rit cao do nhing bét
thuong xay ra trong giai doan giam phan va tao nén bét thudng dong
nhat xay ra ¢ tat ca cc phdi bao sau nay.

4.4 Ban luan vé mét sb yéu t6 lien quan dén LBNST phan tich don
bien

4.4.1 Tién sik diéu tri thu tinh trong éng nghigm thdt bgi lién quan
dén LBNST: Trong nghién ciu ndy, nhdm bénh nhan bj thit bai sau diéu
tri thu tinh trong dng nghiém (phdi khong 1am t6 dwoc hay say thai sém sau
khi chuyén phoi) c6 LBNST cao nhit 76% cao hon & cac NC sir dung
FISH

4.4.2 Nguyén nhén vé sinh lién quan d@én LBNST: Réi loan phong
nodn, budng trimg da nang c6 phdi LBNST cao >60% phil hop véi NC
cua Gianaroli (2010) do rdi loan phong thuong hay xay ra cc sai sot
trong giam phan hay budng tring trai qua qué trinh gia héa sinh hoc.
V6 sinh do yéu t6 tinh tring ciing tuong ng véi LBNST cao ¢ phoi
>60%, phiu hop vai NC cta Magli (2009) do LBNST ¢ tinh tring cao
hon.

4.4.3 Tuéi me lién quan d@én LBNST: phdi tao ra ¢ ngudi me tré dudi
35 tudi c6 LBNST 1a 49,7% va ting téi 91,9% & ngudi me trén 40 tudi.
Tudi me trén 40 la chi bao rat quan trong trong chan doan LBNST.
4.4.4 Nong d@p FSH co ban lién quan dén LBNST: phu nir ¢6 ndng do
FSH co ban cao trén 15mIU/ml ¢6 LBNST cao gap 1,3 1an so véi ¢ phu
nit ¢6 ndng d6 FSH co ban thap < 15 mIU/ml, gin pht hop véi két qua
cua Nasseri (1999) va EI-Touky(2002).

4.4.5 Téc df phéat trién ciia phéi ngay 3 lién quan dén LBNST: c6 méi
lién quan chat ch@ gitra LBNST va kha ning phat trién ciia phdi biéu thi
qua s lugng phdi bao. LBNST anh huéng xau toi sy phét trién cua
Phdi phét trién quéa nhanh ciing lién quan dén LBNST giéng nhu phoi
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phét trién cham, tuy nhién mirc d6 lién quan khong chit ché nhu d6i voi
phéi phét trién cham, phd hop NC cua Magli 2007.

4.4.6 Hinh thai cia phoi ngay 3 lién quan LBNST:

*Sye xudt hién manh vun va sy phan b manh vun trong phai lién quan
dén LBNST: LBNST ‘tang cung voi hién tugng tang so 1Lr0ng manh vun
trong phéi. Ciing gidng nhu nghién ciru cia Magli, NC nay thay khi
manh vun phan bé rai rac, LBNST tang 1,94 1an. Manh vun ¢ lién
quan dén tinh trang phdi thé kham c6 thé 1a do cac manh vun ¢ thé
chira nhidm sic thé sét lai (lagging chromosomes) hay manh vun cia
nhiém sic thé phat sinh tir nhitng sai s6t cua thoi phan bao Khi manh
vun nam rai rac chimg té manh vun xuit phat tir nhidu phéi bao gay anh
hudng cang xau.

*P¢ dong deu cia kich thuéc phoi bao va LBNST: phdi c¢o kich thudc
cac phodi bao khong ddng déu twong tmg véi LBNST cao hon gin 2 lan,
ph hop NC ciia Magli (2007). Biéu nay giai thich 1y do tai sao phdi cé
kich thuéc khong dong déu thuong anh huong dén ty 1& 1am to va c6
thai.

4.4.7 S phat trién ciia ph0| tor ngay 3 dén giai dogn phoi nang lién
quan dén LBNST: NC nay khing dinh cac nghién ciu sir dung FISH
trudc day 1a phoi binh thuong cé kha nang hinh thanh phéi nang cao
hon phéi LBNST. Téc d6 phét trién cua phdi nang cang cham thi ty I¢
léch boi thé cang cao, phu hop NC cua Alfarawati (2011). Phdi phét
trién cham & giai doan phoi dau hay ngirng phét trién vao ngay 5 la chi
bao kha ning phoi bi LBNST cao. Phoi phat trién cham thanh phéi nang
vao ngay 6 c6 LBNST cao hon 2,3 14n so véi phoi phét trién thanh phai
nang vao ngay 5, (2014). Két luan cua NC nay ciing phU hop véi cac két
qua lam sang thay 1a phdi nang ngay 5 thuong lam t6 tt hon phoi nang
hinh thanh vao ngay 6.

4.4.8 Mirc dp LBNST va khd nang hinh thanh phoi nang: Ciing nhu
NC cua Alfarawati (2011), Vegas (2014) chiing toi thay LBNST co thé
xay ra trén tat ca cac cap nhiém sic thé va kha ning phat trién thanh
phoi nang (giai doan 2 den 6) giam khi mirc do 1éch boi thé ting.

4.4.9 Khd néng phdt trién thanh phdi nang vao ngay 5, va gidi tinh
ciia phoi lién quan LBNST: sé liéu cta chung toi chung minh Ia phoi
nam va phdi nir ¢6 kha ning phét trién thanh phoi nang va kha ning bi
LBNST nhu nhau. C6 nghia 1a nudi ciy dén phéi nang khéng lam cho
Kkhuynh huéng chon nhiéu phoi nam hon.
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4.4.10 Chdt lwong ciia phéi nang lién quan dén LBNST: NC trugc
day cho la LBNST co anh husng Xu t6i sy phat trién cua ph0| o giai
doan phdi nang dan t6i giam chét luong caa mam phdi va nguyén bao 14
nudi, ciing nhu tbc d6 phat trién cia phdi nang. Theo nghién ctu nay thi
kha ndng chuyen phdi nang bi LBNST giam tir 44,2% xu0ng con 31,1%
néu chi chuyén phdi nang ¢ chat luong tot. Két qua nay phu hop voi
két qua nghién ciru cua Alfarawati va Kroener. Chat lugng mam phoi
kém (loai C-D) la chi bao tién lugng phdi LBNST c6 gia tri cao.
45 Ban luan vé mt sb yéu té lién quan dén LBNST qua phéan tich da bién
4.5.1 Hai yéu té: tugi me va téc dg phat trién ciia phoi vao ngay 3 lién
quan dén LBNST: Phoi cham phét trién & phu nit I6n tudi 1a chi bao
tién lugng phdi LBNST cao. Két hgp tudi me<35, phoi phat trién binh
thuong cd thé tién luong thém 6,3% -12,9% phai binh thuong so véi khi
chi dya vao mot yeu tb.
4.5.2 Hai yéu té: sé Iwong phoi bao va sy c6 mgt manh vgn lién quan
den LBNST: Ciing gidng két qua cua Magll (2007) NC thay phoi phat
trién binh thuong khéng cé hay c6 it manh vun thi van gan mot nira s6
phoi (49,2%) 1a bi LBNST. Két hop 2 yéu té nay c6 thé tién lwong thém
4,9% - 7,1% phoi binh thuong so vai khi chi dya vao mot yéu té.
4.5.3 Hai yéu té: dp dong déu vé kich thwéc cia phdi bao va sw c6
mgt ciia manh vun cé lién quan dén lgch bgi thé:khi phoi co ca 2 yéu
t6 c6 manh vun >15% c6 kha ning tién lugng phdi LBNST cao. Két
hop 2 yéu té phoi déng déu, manh vun <15% co thé tién luong thém
0,5-14,4% ph0| b|nh thuong so véi khi chi dwa vao mot yéu té.
4.5.4 Ba yéu té: so lwong phéi bao, dp dong deu va s cO mgt cria
mdnh vun lién quan LBNST: khi phoi phat trién nhanh/cham cé kich
thudc PB khong déu va c6 ty 1é manh vun>15% cé kha ning tién lwong
phoi LBNST cao. Két hop3 yéu té phdi phét trién binh thuong, kich
thuée PB déu, manh vun <15% c6 thé tién luong thém 6,1% - 18,1%
phdi binh thuang so véi khi chi dua vao mot yéu to.
4.45 Ba yéu té: sé lugng phoi bao, sw cO mat manh vgn va v tri
mdnh vun lién quan dén léch bgi thé: Khi phoi phét trién nhanh/cham
manh vun>15% phén bé rai rac c6 kha ning tién lugng phdi LBNST
cao. Két hop 3 yéu té phoi phat trién binh thuong, manh vun <15%
phan b tap trung c6 thé tién luong thém 21,5-23% phdi binh thuong so
véi khi chi dua vao mét yéu td.

Tom lai khi két hop cang nhiéu yéu tb thi kha ning chon loc phoi
khong bi LBNST cang cao. Tuy nhién c6 mét s6 yéu t6 don bién ciing
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co gia tri tién lugng phdi bi LBNST cao nhu tudi me trén 40; Phdi phat
trién cham vao ngay 3 va ngay 5 va chat lugng cta phbi nang kém.

KET LUAN

Str dung phuong phap a-CGH danh gié toan bo 23 cap nhiém sic thé
cua 1257 phdi thy tinh trong 6ng nghi¢m ching t6i ¢ nhung két luan sau:

1. Phdi ngay 3 sau thy tinh trong 6ng nghiém cé ty 1€ Iéch boi
nhiém sic thé cao (62,3%) va thuong gap & cap nhidm sic thé 22, 19,
16, 15, 21 va XY. Phoi léch boi nhiém sic thé ngay 3 c6 thé phat trién
thanh phoi nang, trong d6 29,5% tu sua chira thanh binh thuong. Kha
ndng ty Sua chira glam khi tudi me ting (ter 47,8% & me dudi 35 tudi,
22% & me 35-40 tu0| va 0% & me trén 40 tudi).

2. Mot sb yéu té lién quan véi léch boi nhiém sic thé cia phoi
ngay 3:

- Bénh nhan c6 tién sir that bai diéu tri thu tinh trong éng nghiém,
vo sinh do ri loan phong noan, budng trimg da nang, do yéu té tinh
trung hay khdng rd nguyén nhan co lién quan véi tang ty 1€ 1éch boi
nhiém sic thé & phoi.

-Ty I¢ léch boi nhidm sic thé tang dan theo tudi me, khi tudi me
trén 40 ty Ié ting cao trén 90%, c6 gi tri tién lugng léch boi nhidm sic
thé cao.

-Néng d6 FSH co ban>15mlIU/ml lién quan dén tang ty 1 1éch bo
nhiém sic thé (76,3%).

-Phoi phét trién cham hay nhanh c6 ty 18 léch boi nhidm séc thé
cao hon phéi binh thuong (twong tng 83,1% , 65,7% va 56,3%)

-Phoi ¢ kich thudc phéi bao khong déu, cang ¢6 nhiéu manh vyn
va manh vyn nam rai rac cd ty I& léch boi nhidm sic thé cao.

-Phdi léch boi nhidm sic thé c6 kha ning phat trién thanh phoi
nang kém hon so vai ph6i binh thuong (32,3% so véi 67,3%) va phu
thuoc vao mirc do léch boi nhidm sic thé. Vao ngay 5 sau thy tinh, ty 16
léch boi nhidm sic thé giam dan theo toc do phét trién ciia phoi. Phoi
nang hinh thanh vao ngay 6 c6 nguy co 1éch boi nhiém sic thé cao hon
vao ngay 5.
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-Chét lugng cua mam phdi va nguyén bao I& nuéi ty 1 nghich véi
léch boi nhidm séc thé, chit lwong kém tuong duong véi ty 18 léch boi
nhiém séc thé cao khoang 80%.

-Sy két hop danh gia 2 hodc 3 chi bao lam ting kha ning tién
luong léch boi nhidm sic thé:

*Tudi me va toc do phat trién caa phoi: két hop tudi me 35-40 va
>40 véi phdi cham phat trién ty 18 léch boi nhiém sic thé tuong ung la
87,2% va 88,2%; tudi me 35-40 va >40 véi phoi phét trién nhanh ty 1&
léch boi nhidm séc thé twong tng 1a 69,6% va 100%.

*Két hop chi bao phoi cham phét trién va c6 manh vun >5 %, ty
& I&ch boi nhiém sac thé 86,2%.

*Két hop chi bao kich thudc phoi bao khong déu va ¢ manh vun
>15 %, ty |8 1éch boi nhidm sic thé cao 86,3%.

*Két hop 3 yéu td: toc do phat trién cua phoi cham/nhanh, phéi
bao kich thudc khong déu, manh vun > 5% lam ting ty 18 1éch boi thé
tuong rng 14 86,1% va 80,6%.

*Két hop 3 yéu t6: tbc do phat trién cua phdi cham/nhanh, manh
vun>15%, phan b rai rac lam ting ty 1& léch boi nhidm sic thé twong
ung la 86,5% va 79,1%.

KIEN NGHI

Khi chon loc phoi dic biét ¢ cac trung tam TTON chua thyc hién
duoc ky thuat sang loc phoi truge lam té can phai cha y dén nhirng chi
bao tién lugng ph0| LBNST co gié tri cao; ket hop danh gia cac yéu tb
cling mot lac dé c6 kha nidng chon phdi it bi réi loan NST hon.

Tién hanh nudi cy va chuyén phéi vao giai doan phoi nang gitp
cho kha nang lwa chon phoéi it bi LBNST cao hon.

Khi tu van, diéu tri cho nhém bénh nhéan c6 nguy co cao, cac nha
1am sang hoc can phai tw vin k§ vé kha ning phéi bat thuong cao, kha
ning khong ¢6 phoi dé chuyén phéi cao, nguyén nhan, va dé ra huéng
giai quyét trong truong hop xau.

Phdi c6 hinh thai va toc do phat trién tot van c6 kha ning bi
LBNST kha cao. Vi vay, hién nay sang loc trugc lam t6 Van 1a phuong
phép ¢ kha ning chin doan phdi LBNST thé twong ddi chinh xac nhat.

HUONG NGHIEN CUU TIEP THEO
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Két hop danh gia phdi ¢ cac giai doan khac nhau: danh gla tién
nhan, danh gia ph01 ¢ thoi diém 24 gio, phoi ngay 2, 3, ngay 4 va phoi
nang dé tim ra cac yéu té két hop c6 lién quan dén kha niang phat hién
LBNST, gép phan chon phdi it bi LBNST nhit.

Danh gia theo d6i phdi lién tuc sir dung phuong phap timelapse
két hop vai sang loc truge 1am to.

Phan tich danh gia NST cua phdi ¢ giai doan phdi nang dé giam
nhitng han ché do viéc phan tich mét phdi bao & giai doan phan chia.

Nghién ctu thém cac yéu t6 lién quan khac nhu: AMH, kich
thudc thé tich budng trang...

Tim ra thém céc yéu t6 lién quan dén kha ning ty stra chita cua
phéi nhu chit lwong cua phdi nang, mirc 6 LBNST ngay 3, tinh trang
LBNST: thé don nhidm (monosomy) hay thé tam nhidm (trisomy).

INTRODUCTION

In Vitro Fertilization (IVF) have significant contributions in human
infertility treatment in recent decades. However, it is critical to identify
an optimal method to detect abnormal chromosomes in the embryos
selection process. The application of this method would significantly
contribute to the creation of healthy future generations.

For many years, embryos have been mainly selected based on their
morphology. Therefore, it does not evaluate embryo quality at the
chromosome level.

FISH/Fluorescence In Situ Hybridization method in most prior
studies only evaluates a limited number of chromosome pairs instead of
a full 46 chromosomes. As the result, a higher number of false
diagnosis were found using FISH.

The objective of this study is to advocate the implementation of
array comparative genomic hybridization/ a-CGH to thoroughly
examine the entire 23 pairs of chromosomes in human day-3 embryos.
This study will focus on the following areas:

o Identify aneuploidies in 23 pairs of chromosomes in day 3

embryos by using a-CGH and self correction capability of day
3 embryos to blastocysts.
o Examine a number of factors correspond with aneuploidies in
day 3 embryos prior to implantation.
MAJOR CONTRIBUTIONS OF THE THESIS
Scientific and practical contributions



27

This study is an advocacy for a-CGH practice in screening healthy
embryos and therefore greatly improve success rate in ART treatment.

This study is a scientific proof to provide fertility clinicians with
practical guidelines and tools in the fields of ART, Clinical
Embryology, and Human Genetics.

New findings
* Using a cutting-edge technology a-CGH to examine the entire 23
pairs of chromosomes in 1,257 human embryos to achieve accurate and
reliable clinical results, interpreting the correlations between relevant
factors and aneuploidy of day 3 embryos.
* Identifying important indicators to predict aneuploidy based on one or
multivariable relevant factor(s) analysis in conjunction with likelihood
ratio analysis.

* Confirming the self correction capability of embryos from day 3 to
blastocyst stage and its close links with mothers’ ages. This revelation
is widely applicable in infertility treatment.

THESIS STRUCTURE

This thesis includes 133 pages excluding references and appendix.
It consists of 17 figures, 34 tables, 37 reviews, 13 pages of material and
methods, 35 pages of results, 40 pages of discussion, and 2 pages of
conclusion.
Chapter 1: REVIEWS

1.1 Pre-implantation embryo development

(1) Pronuclear stage (2) Cleavage stage (3) Morular (4) Blastocyst.
1.2 Aneuploidy in eggs and embryos

Aneuploidy is a condition in which the number of chromosomes in
the nucleus is increased or decreased compared to each pair (two) of
normal chromosomes. Most cases of aneuploidy result in arrested or
slow development of the embryos, spontaneous abortion, fetal death,
newborns with Down, Klinefelter syndromes...Aneuploidy is frenquent
in human gametes and embryos and originates during cell division due
to non-disjunction of the chromosomes.
1.3 Embryos with chromosomal mosaicism

Embryos with chromosomal mosaicism were first discovered in
1993. Embryos with chromosomal mosaicism or mosaic embryos are
those with two or more populations of cells of different chromosomal
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status. Most of mosaic embryos arrested before the blastocyst stage
usually at the morular stage.
1.4 Methods for evaluating chromosomal status of eggs and
embryos

(1) Fluorescent in situ hybridization/FISH). (2) Comparative
genomic hybridization/CGH). (3) Array -—comparative genomic
hybridization/a-CGH). (4) Array Single Nucleotide Polymorphism /a-
SNP). (5) Next Generation Sequencing (NGS).
1.5 Aneuploidy in human embryos

More than 50% of human embryos created through IVF treatment
are aneuploidy. Aneuplody increases with maternal age. Aneuplody rate
is more than 80% in older women. Aneuploidy can be found in all
chromosomes, especially chromosome 22, 16, 21, 15, 13, 18, 17 and
XY (Al-Asma 2012, Rubio 2013). Some aneuploid embryos are
arrested before blastocyst stage but most of them can still further
develop to blastocysts. 40% of human blastocysts are aneuploid, this
rate is also increased with maternal age (Fragouli 2010, Traversa 2011).
1.6 Self correction capability of aneuploid embryos from day 3 to
blastocyst stage

Fewer Day 3 aneuploid embryos can develop to blastocyst in
comparison with euploid embryos (Magli 2000, Sandalinas 2001, Li
2005, Rubio 2003). 40% of day 3 aneuploid embryos will have self
correction to euploid at the blastocyst stage (Li 2005).
1.7 Factors correlate to aneuploidy
1.7.1 Embryo development and aneuploidy

*Cleavage-stage

Prior studies using FISH method show that aneuploidy correlated
with the rate of embryo development. Embryos cleaving either too fast
or too slow likely have higher aneuploid rates in comparison with
embryos cleave at optimal rate (Magli 2007, Finn 2010).

*Blastocyst stage

The likelihood of aneuploidy at the blastocyst stage is founded less
than at the cleavage stage (Fragouli 2008).
1.7.2 Embryo morphology and aneuploidy

*Uneven blastomeres and aneuploidy: Prior studies using FISH
method show that embryos with uneven blastomeres would have higher
rate of aneuploidy (Hardason 2001, Finn 2010).
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*Fragmentation and aneuploidy: Prior studies using FISH method
show that aneuploidy increases with the rate of embryo fragmentation
(Magli 2007, Munne 2007).

*Distribution of embryo fragments and aneuploidy: Prior studies
using FISH show that the proportion of chromosomal abnormalities
was significantly higher in embryos with fragmentation that had a
scattered distribution of fragments versus those of concentrated
fragments (Magli 2007).

*Blastocyst morphology and aneuploidy: Aneuploidy has negative effects
at the blastocyts stage resulting in decreasing blastocyst quality (inner cell
mass and trophectoderm quality) and development (Kroner 2012).

1.7.3 Aneuploidy in low ovarian reserve patients: Aneuploidy rate
increases significantly in women less 40 years old with high FSH
concentration (p<0,02) (Munne 1998). Rate of new born with trisomy
21 also increases significantly in young women with low ovarian
reserve. High FSH concentration directly related to high aneuploidy rate
in all age groups (Kline 2000, Van Montfrans 1999).

1.7.4 Infertility diagnosis and aneuploidy: Aneuploidy increases in
cases of endometriosis, ovulation dysfunction, and spontaneous
abortion history (Fasolino1998, Weghofer 2007).

Chapter 2: MATERIALS AND METHODS

2.1 Materials
2.1.1 Criteria of material selection

Materials used in this study are day 3 embryos from infertility
couples having IVF treatment package with preimplantation genetic
screening at Red Rock Fertility Center. These embryos must meet the
following requirement.

- A numbers of day 3 embryos are selected and accumulated to
achieve an acceptable volume.

- Embryos must have a minimum of 4 cells

- Selected embryos must contain less than 30% fragments
2.1.2 Elimination Criteria for the selected material

Any embryo does not meet above selection criteria 2.1.1
2.1.3 Sample size

Sample size was calculated using below formula:

Z2(1-0/2) p .q
N=

30

(p. €7

e N=minimal sample size
Z (1-a/2) CI=95%, a=5% so Z (1-a/2) = 1,96

e € = random error (systematic error) with interval limit from
0,01t00,1.

o p: expected proportion of study subject, identifying from
previous study.

e gq=1p

Applied in this study

o CI=9%,0a =5%so0Z?1-0/2=1,96

e p = 53% = 0,53 (aneuploidy rate of normal development
embryos without fragment) (Magli 2007).

e (q=1-053=0,47

€ =0,055
1,962 x 0,53 x 0,47
N= =1126
(0.53 x 0.055)?
Minimum embryos tested in this study will be 1126
2.2 Methods

2.2.1 Study design

This is a prospective observational study
2.2.2. Materials collection

*Study location: Study was conducted at Red Rock Fertility Center
or RRFC in the city of Las Vegas, Nevada, United States of America.

*Material collection

All patients were tested and treated as follow:

-Hormone examination: On day 3 of the cycle, patients were tested
for FSH, E2, LH, P4, prolactin, TSH and a hCG using Immuno assay
method (411, Indiana, USA).

-Ovarian stimulation: using one of the protocols below

Using Lupron (Leuprolide acetate; TAP Pharmaceuticals, Lake
Forest, IL) for pituitary down regulation for 14 days, start on day 21 of
the previous menstrual cycle. Recombinant FSH (Gonal-F, EMD
Serono or Follistim, Organon USA) combined with Menopur (Ferring
Pharmaceticals, Parsippany, NJ) were used from day 3 of the cycle.

Using GnRH antagonists (Cetrotide, EMD Serono, Rockland, MA or
Ganirelix, Organon USA, Roseland, NJ): Recombinant FSH (Gonal-F
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hay Follistim) combined with Menopur starting on day3 of cycle.
Antagon was used after 5-6 day using FSH (follicle diameter 14mm)

HCG (5000-10000 IU Profasi, Serono; Pregnyl, Organon) was used
when there are at least 2 follicles of more than 17mm.

-Eqq retrieval: Egll retrieval was conducted under the guidance of
transvaginal ultrasound 36 hours after hCG injection. Eggs were
cultured in Global medium (LifeGlobal, USA) supplemented with 10%
SSS (Serum Substitute Supplement, Irvine Scientific, USA) in
incubators with CO2 6,5 %, O2 5%, N2 88,5 % at 37°C.

-Intracytoplasmic sperm injection (ICSI): All mature eggs are
fertilized by ICSI technique with sperms of respective partner or donor.

-Fertilization evaluation: 16-18 hour after ICSI, fertilization was
evaluated. Normal fertilization presents 2 pronuclear and 2 polar bodies.
Embryos were assessed at 40, 68 and 112 hour after ICSI. Number and
morphology of pronuclear, number of blastomeres, diameter of the
blastomeres, fragmentation rate and location of fragment... were
examined to evaluate the quality of the embryos.

-Day 3 embryo biopsy: one blastomere was aspirated using biopsy
pipette on day 3 (66-68 after 1CSI) when embryos have at least
blastomeres and fragmentation <30%. After biopsy, embryos were put
back to culture in incubators until day 5 or 6.

-Chromosome _ evaluation using a-CGH: Blastomeres were
transferred to PCR tube then sent to Genesis Genetics (Detroit,
Michigan, USA) for evaluating 23 pairs of chromosomes using a-CGH
method. At genetic center, blastomeres were lysed. Tested embryo
DNA and control DNA were amplified using SurePlex method
(BlueGnome, UK). Tested DNA and control DNA were labeled using
fluorochrome following manufacturer instructions (BlueGnome, UK)
for 3 hours. Labelled DNA were cultured over night with DNA array
(24Sure-BlueGnome). The following morning, array DNA was soaked
in SSC/0,05% Tween-20 for 10 minutes at 25 degree Celsius, and 10
minutes in 1x SSC at 25 degree Celsius, then 5 minutes in 0,1x SSC 59
degree Celsius, and finally 1 minute in 0,1 x SSC at 25 degree Celsius.
Array DNA was dried for 3 minutes and was scanned. Images from
scanning machine were analyzed using Bluefuse software (BlueGnome,
UK). Chromosome gain or loss was determined if > 15 probes deviated
from normal limit according to 24Sure method.
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-Embryo Transfer: only 1 or 2 euploid embryos were transferred to
the uterus or euploid embryos were frozen for future FET.

-Monitoring aneuploid embryos: Aneuploid embryos were cultured
to blastocyst stage until day 5 or 6. If patients consent, trophectoderm
were biopsied. 2-6 cells were biopsied and transferred to PCR tube and
sent to Genetic Genesis for reevaluating chromosome using aCGH
method.

2.3 Study variables

Blastomere number, the evenness of blastomere diameters,
fragmentation rate, blastocyst formation rate, blastocyst development
rate (stage 1-6), blastocyst quality, self correction rate, maternal age,
infertility diagnosis, obstetrics history, FSH concentration, aneuploidy
rate, euploidy rate, aneuploidy rate on 1, 2, 3 or >3 chromosomes.

2.3.3 Criteria used in this study

* Baseline FSH: Baseline FSH 10 mIU/ml was chosen as a threshold
between patients with reduced ovarian reserve and patient with normal
ovarian reserve.

* Cleavage stage embryo assessment (3 days after fertilization).

- Cleavage stage embryo assessment depends on the observation of
the embryos such as: numbers of blastomeres: 4-6 blastomeres = slow
development, 7-9 blastomeres = normal development, and > 10
blastomeres = fast development.

- % of fragmentation: < 5% = low; 6-15% = moderate; 16-30% =
high;

- Distribution of fragment: Concentrate = fragment in one area;
Scattered = fragment scatter in between blastomeres.

- Diameters of the blastomeres: even = blastomeres have pretty
much the same size, uneven = blastomeres have diffent sizes (>25%).

* Blastocyst day 5 and day 6 assessment.

- Based on cavity expansion:

o Grade 1: -early blastocyst = cavity is less than % of embryo
volume.

o Grade 2: blastocyst = cavity is more than %2 of embryo volume

o Grade 3: full blastocyst = cavity occupies most of embryo
volume.

o Grade 4: expanded blastocyst = cavity expanded resulting in
thinning of the zona pellucida.

o Grade 5: hatching blastocyst = trophectoderm is herniating
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o Grade 6: hatched blastocyst = whole embryo hatched out of the
zona pellucida.

- From grade 2 to grade 6, grading Inner Cell Mass/ICM and
Trophectoderm/TE.

o Grading ICM: A = easily discernible, with many cells that are
compacted and tightly adhered together, B = easily discernible
with many cells that are loosely grouped together, C = difficult
to discern with few cells, D = no ICM

e Grading TE: A = many cells forming a cohesive epithelium, B
= Few cells forming a cohesive epithelium, C = very few cells
forming a cohesive epithelium.

2.5 Data analysis
Collected data was analyzed using statistic methods as below:
* Chi square
Chi square > 3,84 and p<0,05 statistic significant.
(ad-bc)2 N

Chi square =
(a+b) (ct+d) (a+c) (b+d)
* Relative Risk/RR
Table 2.1: Statistic table showing the correlation between risk factors
and risk of aneuploidy.
Risk factors

Embryo’s chromosomal status

Aneuploid Euploid Total
Yes present (+) a (+ true) b (+ false) a+h
No present (-) c (- false) d (- true) c+d
Total at+c b+d atb+c+td =N

Relative risk/ RR= (a/a+b) / (c/c+d )
* Likelyhood ratio/ LR
LR+ is the ratio of real positive /false positive.
LR(+) = (a/a+c) / (b/b+d)
LR(+) > 1 means when there risk factor presents, there is risk of
aneuploidy. LR (+) high = more valuable.
LR- is the ratio of false negative/ real negative.
LR(-) = (c/a+c) / (d/b+d) usually < 1, low = more valubable.
2.6 Ethical issues of the study
This study was conducted after receiving the approval of Hanoi
Medical University scientific and ethical review board. Patients
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voluntarily join the study after being advised with all information about
the study. Patients are required to sign off on study consents.

Chapter 3: RESULTS
3.1 Criteria of patients whose embryos were tested using a-CGH.
Table 3.1: Maternal age

Age Number of patients Number of embryos tested
<35 93 (45,8 %) 640 (51 %)
35-40 83 (40,9 %) 481 (38,3 %)

>40 27 (13,3%) 136 (10,7 %)
Total 203 (100%) 1257 (100 %)

Comments: Nearly half of patients whose embryos tested were under 35
years old (45,8 %) with more than half of the total embryos tested.
More than 13% patients were older 40 years old with >10% of total
embryos.

3.2 Aneuploidy of day 3 embryos.

3.2.1 Rate and degree (level) of Aneuploid in 1257 day 3 embryos
Table 3.2: Rate and Degree of Aneuploidy

# # embryos with
embryo Aneuploid =783 (62,3%) detallhrest_JItsfof
tested each pair o
chromosomes = 877
Complex
aneuploidy
(no detail
Degree of aneuploidy results of
which . .
chromosomes Aneuploid | Euploid
affected
Aneuploidy | Aneuploidy | Aneuploidy | Aneuploidy
in 1 pair of | in2 pairs of | in3 pairsof |in >3 pairs of
chromosomes | chromosomes | chromosomes | chromosomes
474
1257 231 127 45 380 403 (37,7%)
Commentst: Day 3 embryos have high rate of aneuploidy (62,3%),

complex aneuploidy is widely detected.
3.2.2 Aneuploidy rates of each chromosome.
Table 3.3: Rate of aneuploidy in each chromosome from low to high

Chromosome pair # # Aneuploid Euploid RR
5 877 | 10(1,1%) 867 (98,9%) 1,0
10 877 | 10(1,1%) 867 (98,9%) 1,0
8 877 | 11(1,3%) 866 (98,7%) 1,18
7 877 | 12 (1,4%) 865 (98,6%) 1,27
17 877 | 12 (1,4%) 865 (98,6%) 1.27
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3 877 | 13 (1,5%) | 864 (98,5%) | 1,36
6 877 | 15(1,7%) | 862(98,3%) | 1,55
2 877 | 17(1,9%) | 860 (98,1%) | 1.73
12 877 | 17(1,9%) | 860 (98,1%) | 1,73
) 877 | 18(2,1%) | 859 (97,9%) | 1,01
11 877 | 18(2,1%) | 859 (97,0%) | 1,01
14 877 | 19(2,2%) | 858 (97,8%) 2,0
20 877 | 24(2,7%) | 853 (97,3%) | 2,45
1 877 | 25(2,9%) | 852(97,1%) | 2,64
18 877 | 28(3,2%) | 849 (9,8%) | 2,01
13 877 | 29(3,3%) | 848 (96,7%) 3,0
9 877 | 30 (34%) | 847 (9,6%) | 3,09
XY 877 | 35 (4%) 842 (96%) 3,64
21 877 | 44(50%) | 833 (95%) 4,55
15 877 | 49 (5,6%) | 828 (94,4%) | 5,09
16 877 | 54(6,2%) | 823(93,8%) | 5,64
19 877 | 56 (64%) | 821(93,6%) | 5,82
22 877 | 74(84%) | 803 (91,6%) | 7,64

(Notes: 380 embryos of multiple aneuploidy having no detail result of
what pair of chromosome and therefore were excluded from this table).
Comments: Aneuplody is found in every pair of chromosomes at
different rates, highest in chromosome 22.
3.3 Self- correction of aneuploid embryos
3.3.1 Rate of self-correction at blastocyst stage
253 aneuploid embryos from 1257 tested embryos can develop to

blastocyst stage. 112/253 embryos consented by the patients to do
rebiopsy at the blastocsyt stage (trophectoderm biopsy). The result of
rebiopsy as below (table 3.4):

Table 3.4: Trophectoderm biopsy results of day 3 aneuploid embryos

develop to blastocyst stage
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embryos (self corrected)
<35 46 22 (47,8%)° 24 (52,2%) 1
35-40 50 11 (22%)° 39 (78%) 2,17
>40 16 0 (0%)° 16 (100%)
Total 112 33 (29,5%) 79 (70,5%)

P*"<0,025; P*°<0,005
Comments: Self correction (aneuploid on day 3 becomes euploid on day
5-6) correlated with maternal ages: * in women less than 35 years old
the correction rate was double in comparison with women 35-40 years
old, * In women more than 40 years old, aneuploid embryos can
develop to blastocyst stage but can not be corrected.
3.4 Factors related to aneuploidy through 1 variable analysis.
3.4.1 History of spontaneous abortion and infertility treatment related
to aneuloidy .

Table 3.6: History of spontaneous abortion, fertility treatment and

aneuploidy.
Medical History Aneuploid Euploid | Total | RR
Spontaneous abortion/ heg (+) 48 (60%) 32 80 1,04
Failed 1UI 175 (66%) 90 265 | 1,15
Failed IVF 146 (76%) 46 192 | 1,32
Have not treated yet 414 (57,5%) 306 720 1
Total 783 474 1257

# blastocysts growth from Aneuploid Euploid
day 3 aneuploid embryos (self correction)
112 79 (70,5%) 33 (29,5%)

Comments: 29,5% of day 3 aneuploid embryos was self corrected to be

euploid when rebiopsy at the blastocyst stage (trophectoderm biopsy).

3.3.2 Correlation between self correction capability and maternal age.
Table 3.5: Self correction and maternal age.

| Age | #tested | Euploid | Aneuploid | RR |

Comments: Patients with history of failed IVF have highest aneuploidy
rates.

3.4.2 Infertility diagnosis and aneuploidy

Table 3.7: Infertility diagnosis and aneuploidy

Infertility Diagnosis Aneuploid Euploid Total | RR

Owulation dysfunction 14 (66,7%) 7 (33,3%) 21 2,44

Unexplained 359 (65,9%) | 186 (34,1%) 545 2,41

Male factor(s) 258 (61,7%) | 160 (38,3%) 418 2,26

PCO/PCOS 73 (60,3%) 48 (39,7%) 121 2,21
Tubal factor 29 (54,7%) 24 (45,3%) 53 2

Endometriosis 47 (53,4%) 41 (46,6%) 88 1,96
Uterus factors 3 (27,3%) 8 (72,7%) 11 1

Total 783 474 1257
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Comments: factors such as ovulation dysfunction, PCO(S), male factor
and unexplained infertility result an aneuploidy rate of more than 60%.
3.4.3 Maternal age and aneuploidy

Table 3.8: Maternal age and aneuploidy

Age An:uplmd)éﬂ) Eu;lmd " Total | RR | LR® | LR
>40 125 91,9° 11 8,1 136 | 1,85 8,5 0,74
35-40 340 70,7° 141 29,3 481 | 1,42 1,7 0,69
<35 318 49,7° | 322 50,3 640 1

Total 783 474 1257

(Notes:RR and LR compared aneuploidy rates with the rate in group
less than 35)

PP <0,001; P*¢ <0,001; P"® <0,001

Comments: Aneuploidy rates increased with maternal ages.

3.4.4 Baseline FSH and aneuploidy
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Table 3.9: Baseline FSH and aneuploidy

Aneuploidy Euploid ¥ g
FSH " % " % Total |RR P LR® [LRO
>15 | 106 | 76,3 | 33 | 23,7 | 139 |[1,3| <0,001 | 1,93 | 0,93
<15 | 677 | 605 | 441 | 395 | 1118 | 1
Total | 783 474 1257

Comments: Baseline FSH high >15 mlU/ml related to high aneuploidy

rate of 76,3%.

345 Day 3 embryo development and morphology related to
aneuploidy rate.

* Number of blastomeres and aneuploidy rate
Table 3.10: Day 3 embryo development and aneuploidy

y # Aneuploid Euploid Total | RR | LR® | LR O
astomeres # % # %
4-6 148 83,1° 30 16,9 178 148 | 31 0,82
7-9 445 | 56,3° | 345 | 437 | 790 | 1
>10 190 65,7° 99 34,3 289 | 1,17 | 1,35 0.9
Total 783 1257
(Notes: RR and LR were compared with embryos having 7-9

blastomeres)

P*" <0,001; P*° <0,001; P*° <0,001
Comments: Slow or fast cleavage embryos reflected higher aneuploidy

rates

in comparison with normal

cleavage embryos (P<0,001);

Aneuploidy rate of slow growth embryos (4-6 PB blastomeres on day 3)
were higher than in fast growth embryos ( > 10 blastomeres on day 3)

(P < 0,001).

* Day 3 Blastomeres’ size and aneuploidy
Table 3.11: The evenness of blastomeres’size and aneuploidy

. Aneuploid Euploid + g
Size ¢ | % , % Total | RR P LR® | LRO
Uneven 497 81,6 112 |184| 609 |1,85|<0,001 (2,69 0,48
Even 286 (44,1 | 362 |559 | 648 1
Total 783 474 1257

Comments: day 3 embryos with uneven blastomeres have more chance
to be aneuploidy.
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* Embryo fragmentation and aneuploidy.
Table 3.12: % fragment and aneuploidy.

fragf; et ':neumzf #EUpIO'Oi Total | RR | LR® | LR
16-30% | 193 | 751° | 64 | 249 | 257 | 139 | 1,96 | 0,77
6-15% | 276 | 657° | 144 | 343 | 420 |121| 133 | 082
0-5% | 314 | 54,1° | 266 | 459 | 580 | 1
Total | 783 474 1257

(Notes: RR LR compared with embryos which have 0-5% fragment)
PP <0,025; P*¢ <0,001; P** <0,001; P"¢ <0,001

Comments: Aneuploidy increased with the % of fragmentation
(P<0,025).

* Distribution of fragment and aneuploidy.
Table 3.13: Distribution of fragment and aneuploidy.
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* Blatocyst development rate (slow/normal) and aneuploidy.
Table 3.15: Aneuploidy rates of day 5 and day 6 blastocysts.

Aneuploid Euploid

) Q)
Blastocyst n % 7 % Total | RR P LR"| LR
Day 6 156 [66,7 |78 |33,3 |234 2,3
Day 5 97 |28,7 |241 |71,3 (338 1 <0,001 | 2,52 | 0,51
Total 253 319 572

(Notes: 685 embryos were excluded from this table due to not meeting
the criteria.)
Comments: Day 6 blastocysts have higher chance to be aneuploidy than

day 5 blastocysts.
* Embryo development on day 5 and aneuploidy.
Table 3.16: Embryo development on day 5 and aneuploidy.

. Aneuploid Euploid @ 0
Location Total | RR P LR LR
# % # %
Scatter 584 | 776 | 169 | 22,4 | 753 | 1,94
Concentrate | 191 | 40,1 | 285 | 59,9 | 476 1 [<0,001| 2 0,39
Total 775 454 1229

Aneuploid Euploid o) 0
Embryo development 7 % 7 % Total | RR | LR™ |LR
Arrested 274 | 91,6% 25 84 | 299 | 42 | 6,58 [ 0,16
Slow: morular 97 |80,8° 23 19,2 120 | 3,7 56 |0,37
Slow: grade 1 blastocyst | 315 63° 185 37 500 | 2,9 | 1,67 | 0,27
Grade 2 blastocyst 33 | 43,4° 43 56,6 | 76 2 2,04 0,73
Grade 3-4 blastocyst 18 | 36,7° 31 63,3 | 49 1,7 1,8 |0,85
Grade 5-6 blastocyst 46 | 216" | 167 [78,4| 213 1
Total 783 474 1257

(Notes: 28 embryos without fragment were excluded from this table)

Comments: When fragment scattered between blastomeres, the
aneuploidy rates were higher.

3.4.6 Blastocyst development and morphology related to aneuploidy
* Blastocyst formation from day 3 embryos and aneuploidy
Table 3.14: Blastocyst formation and aneuploidy.

(Notes: RR and LR compared with grade 5-6 blastocyst).
P*<0,005; P*°<0,001; P*‘<0,001; P*¢<0,001; P*'<0,001; P"°<0,001;
P*9<0,001; P*<0,001; P*'<0,001; P*<0,005; P*°<0,001; P*'<0,001;
P?¢>0,05; P*'<0,001; P*'<0,05
Comments: embryo development related to aneuploidy rate on day 5.
* Aneuploidy degree or level of multiple complexity and blastocyst

formation.

Table 3.17: Aneuploidy degree and blastocyst formation.

Blastocyst | Aneuploid Euploid * 0

: Total| RR P LR™|LR
formation # % # %
Arrested/ 530 |77,4| 155 |226| 685 | 1,75
Slow

<0,001 | 2,1 | 0,48

Blastocyst | 253 | 44,2 | 319 |558| 572 1
Total 783 474 1257

Comments: Aneuploidy affects the blastocyst formation.

Aneuploidy Blastocyst Arrested/slow | RR1 RR2 | Total
degree # % # %
Euploid 319 67,3 155 32,7 1 474

Aneuploid in 121 52,4° 110 476 | 0,78 1 231
1 pair

Aneuploid in 53 41,7° 74 58,3 | 0,62 0,8 127
2 pairs

Aneuploid in 14 31,1° 31 68,9 | 0,46 0,59 45
3 pairs

Aneuploid in 65 17,1° 315 82,9 | 0,25 0,33 380
> pairs
Total 572 685 1257
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P*<0,001; P*°<0,001; P*%<0,001; P*°<0,001; P"°>0,05; P"%<0,025;
P€<0,001; P**>0,05; P**<0,001; P*°<0,05

Comments: Capability to develop to blastocyst decreases when more
chromosomes affected by aneuploidy.

* The sex of the embryos (normal blastocyst grade 2-6 on day 5) and
aneuploidy.

Among 1257 tested embryos, 685 embryos were arrested, 572
embryos developed to blastocyst stage on day 5 and 6 of which 338
embryos develop to blastocys on day 5. 317 out of 338 embryos have
normal sex chromosomes.

Table 3.18: The sex of the blastocysts day 5 and aneuploidy.
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P*"<0,001; P*°<0,001; P*>0,05

Comments: Blastocysts with TE grade C have higher aneuploidy rate.
3.5 Factors relating to aneuploidy through multivariable analysis.
3.5.1 Two factors: number of blastomeres and maternal age.

Table 3.21: Correlation between maternal age, number of blastomeres
and aneuploidy.

Aneuploid | Euploid ® 6

2 factors m % |z % Total | RR P LR"™|LR
4-6 blastomeres 98 [(875|14|125| 112 | 2,02 |<0,001| 6,3 |0,69
Age >35
>10 blastomeres 107 | 75934241 | 141 |1,75|<0,001 | 2,95 |0,72
Age >35
7-9 blastomeres 185 | 43,4 [241| 56,6 | 426 1
Age <35
Total 390 289 679

Aneuploid Euploid
Sex m P % m b % P Total
XX 41 25,8 118 74,2 >0,05 159
XY 35 22,2 123 71,8 158
Total 76 241 317

Comments: Normal developing blastocysts on day 5 have the sex ratio
1:1, aneuploidy rate is not depend on the sex of the blastocysts.

* Inner cell mass quality (ICM) and aneuploidy.

Table 3.19: Inner cell mass quality and aneuploidy

ICM Aneuploid Euploid Total | RR | LR® | LRO

quality # % # | %

Cc-D 58 | 80,6° | 14 | 194 72 2,74 6 0,57
B 131 | 46,3° | 152 [ 53,7 | 283 | 157 | 1,34 | 0,66
A 64 | 295° | 153 | 70,5 | 217 1

Total 253 319 572

(RR and LR used to compared with ICM grade A)

P*"<0,001; P*°<0,001; P"°<0,001

Comments: ICM quality decreases when aneuploidy rate increases
(P<0,001).

3.3.6.7 Trophectoderm (TE) quality and aneuploidy.

(Notes: RR and LR used to compared with control group (embryo with
7-9 blastomeres of <35 year old women); 427 embryos excluded from
this table due to not meeting the criteria).

Comments: When compared with control group (embryos with 7-9
blastomeres from young women <35 years of age), combined 2 factors:
(old age and fast/slow cleavage), the aneuploidy rate increased 1,75 to 2
times.

3.5.2 Two factors: number of blastomeres and fragmentation.

Table 3.22: Correlation between number of blastomeres, fragmentation
> 5% and aneuploidy rate.

Aneuploid Euploid |Total

2 factors m % 7 1 % RR P LR(+) | LR(-)
4-6 blastomeres 129 |83,2| 26 |16,8| 155 | 1,69 |<0,001| 3,5 | 0,69
MV>5%
>10 blastomeres 101 |66,9| 50 {33,1| 151 | 1,36 |<0,001| 1,73 | 0,83
Fragment >5%
7-9 blastomeres 206 |49,2| 213 |50,8| 419 1
fragment <56%
Total 436 289 725

Table 3.20: Trophectoderm quality and aneuploidy
. Aneuploid Euploid ) O
TE quality m % 7 % Total | RR | LR LR
C 67 79,8° 17 20,2| 84 | 21| 269 | 041
B 157 [381°[ 255 [61,9] 412 [0,99] 0,99 1
A 29 38,2° 47 618 | 76 1
Total 253 319 572

(Notes: RR and LR used to compared with TE grade A)

(Notes: RR and LR used to compared with control group (embryos with
7-9 blastomeres and less than 5% fragment).

Comments: When compared with control group (embryos with 7-9
blastomeres and less than 5% fragment), combined 2 factors: fragment
>5% and fast/slow cleavage, the aneuploidy rates increase 1,36 to 1,69
times.



43

3.5.3 Two factors: size of blastomeres and fragmentation.
Table 3.23: Uneven blastomeres, fragment > 15% and aneuploidy.
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Table 3.25: Fast/slow cleavage, fragment > 15% and scattered

Aneuploid | Euploid
# % # %

2 factors

Aneuploid Euploid ) o
n % m % Total| RR [LR™|LR

3 factors

Total | RR P |LR®|LRO®

Uneven

fragment >15% 157 |1 86,3 | 25 |13,7| 182 |1,98
(]

Even <0,001]| 5,36 | 0,66

fragment < 150 | 220 | 436 | 328 1564 573 | 1
— (1]

Total 407 348 755

>10 blastomeres
fragment >15% 34 | 79,18 9 20,9 | 43 | 23 | 561 0,8
scatter

7-9 blastomeres
fragment < 15% 114 | 35° | 212 | 65 |326| 1
concentrate

Comments: When compared with control group (embryos with even
blastomeres and fragment < 15%), combined 2 factors: uneven
blastomeres and fragment >15%, the aneuploidy rate increased 1,98
times.

3.5.4 Three factors: Cleavage rate (fast/slow), uneven blastomeres and
fragment >15%

Table 3.24: Cleavage (fast/slow), uneven blastomeres, fragment > 15%
and aneuploidy.

< 6 blastomeres

fragment >15% 77 86,5¢ 12 13,5 89 | 25| 75 |0,63
scatter
Total 225 233 458

Aneuploid Euploid

Total | RR | LR™ | LRV
#| % # | %

3 factors

> 10 blastomeres
Uneven 26 | 89,77 3 103 29 |23| 12 | 0,88
Fragment >15%

7-9 blastomeres
Even 168| 39° | 263 | 61 | 431 | 1
Fragment < 15%

< 6 blastomeres

Uneven 62| 849° | 11 |151| 73 |22 6,75 | 0,76
Fragment >15%
Total 256 277 533

P*"<0,001; P*°<0,001; P**>0,05

Comments: When compared with control group (embryos with 7-9 even
blastomeres and fragment <15%), combined 3 factors: fast/slow
cleavage, uneven blastomeres, fragment >15%, the aneuploidy rates
increased 2,3-2,3 times.

3.5.5 Three factors: number of blastomeres, % and distribution of
fragment.

P*’<0,001; P"°<0,001; P**>0,05

Comments: in comparison with control group (embryos with 7-9
blastomeres, fragment <15% and concentrate), combined 3 factors:
fast/slow cleavage, fragment >15% and scatter, the aneuploidy rates
increased 2,3-2,5 times.

Chapter 4: DISCUSSION

4.1 Genetics analysis discussion.
4.1.1 Impact of embryo biopsy to the development of fetus

* Day 3 embryo biopsy: There are 2 opposite opinions about the
impact of day 3 biopsy on embryo development.

- Day 3 embryo biopsy did not affect embryo development (Vi et al
2012, Nguyén et al 2013).

- Day 3 embryo biopsy had negative impact on embryo development
(Scott 2013).

- Cleavage stage embryos have high percentage of mosaicism.
Analyzing blastomere does not represent the whole embryo. Therefore,
the results were not completely reliable.

* Trophectoderm biopsy: more genetic materials were evaluated so
the results were more accurate. It is a safer technique due to a small
portion of embryo was biopsied and it allows normal developing,
aneuploid embryos to possibly become normal when transitioning into
blastocyst stage.
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4.2.2 A-CGH method.

* Benefits: A-CGH evaluated 23 pair of chromosomes so the results
were more reliable.

* Limitation: Can not detect some balance chromosome structure
abnormalities, or some polyploidy such as triploid 69, XXX;
tetraploidies 92, XXXX.

4.2 Aneuploidy rates in human day 3 embryos.

Aneuploidy rate is 62,3% in our study. It is pretty much matching
the results from prior studies concluding that human preimplantation
embryos have high rate of aneuploidy. Our numbers (ratios) were
higher than the results of studies using FISH technique because FISH
technique only detects abnormalities in 5-12 pairs of chromosomes (the
false negative rate was high with FISH). This study’s results were lower
than other studies where their participating patients were part of high
risk group.

Our results show aneuploidy can happen in all 23 pairs of
chromosomes, in 1 or more than 1 pair of chromosomes at the same
embryo. Complex aneuploidy was frequently detected. This is different
from Traversa study (2011) evaluating chromosomes of the blastocyst
where they saw that complex aneuploidy is least happened due to
complex abnormal embryos usually arrested before transitioning to
blastocyst stage. Our findings were the same with other studies that the
aneuploidy rates were highest in chromosomes 22, 19, 16, 15, 21, XY,
9, 13, 18 (Al-Asma 2012, Rubio 2013, Guitierez 2011, Franasiak 2014).
4.5 Aneuploidy embryo self correction

As prior studies using FISH technique, our study proved that out of
112 aneuploid blastocysts, 29,5% has euploid results when retested
using trophectoderm biopsy. Our correction rate was lower compared to
40% of Li et al and 70% of Munne et al both using FISH. The
discrepancy is due to FISH technique only evaluates a limited number
of chromosomes as some abnormal embryos were diagnosed as normal
(Li 2005, Munne 2007).

There are 2 mechanisms explaining the embryo self correction:
preimplantation embryo mosaicism and trisomy rescue.

Our study also shows that aneuploid embryos can develop to the
blastocyst stage in all age groups. However, the correction rate was
reduced when maternal age increased at 35 years or older. In older
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women, aneuploidy in eggs was very high and aneuploidy from meiosis
division resulted in homogenous aneuploidy which can be found in all
blastomeres of the embryos.

4.4 Factors affecting aneuploidy rate through single variable
analysis.

4.4.1 History of failed IVF treatment related to aneuploidy. In our
study, patients with history of failed I\VVF treatment have highest chance
of aneuploidy (76%), higher than those from studies using FISH.

4.4.2 Infertility with known diagnosis and aneuploidy. Ovulation
dysfunction, PCOS patients has aneuploidy rate >60% or the same as
results of Giannaroli et al 2010. Ovulation dysfunction related to error
in meiosis or ovarian aging. Infertility due to male factors also related to
high aneuploidy rate >60%, matching Magli results (2009) due to
higher sperm aneuploidy in these cases.

4.4.3 Maternal age and aneuploidy: embryos from women younger
than 35 years old have the aneuploidy rate of 49,7%. This rate increased
to 91,9% in women of more than 40 years old. Maternal age of more
than 40 is a foreseeable risk factor to predict embryo aneuploidy.

4.4.4 Baseline FSH related to aneuploidy. Embryos of women with
high FSH >15mlU/ml have higher aneuploidy rate (1,3 times) compares
to women with lower FSH < 15 mIU/ml. Our result was the same with
Nasseri and very close to Nasseri (1999) and EI-Touky (2002).

4.45 Day 3 embryo development related to aneuploid. There is a
strong correlation between aneuploidy and embryo development
represented by the number of blastomeres. Aneuploidy has negative
effect on embryo growth. Fast or slow cleavage related to higher
aneuploidy rates. These results were consistent with Magli et al 2007.
4.4.6 Day 3 embryo morphology related to aneuploidy.

* Fragmentation and distribution of fragment related to aneuploidy:
Aneuploidy accelerates with the increase of fragmentation. We have
matching results with Magli et al 2007, aneuploidy increased when
fragment was scattered between blatomeres (1,94 times). Fragment
related to embryo mosaicsim is the result of containing lagging
chromosome or fragment of chromosme originated from meiosis errors.
Scattered fragment may be originated from many cells.

* Size of the blastomeores and aneuploidy; Embryos with uneven
blastomeres have higher aneupoloidy rates than even blastomeres (2
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times). Our study results are consistent with Magli et al (2007). This
explained why embryos with uneven blastomeres have low implantation
and pregnancy rates.

4.4.7 The development of embryo from day 3 to blastocyst related to
aneuploidy. This study confirms the previous results of FISH studies
that euploid embryos more likely grow to blastocyst than aneuploid
embryos. Blastocyst formation ratios from our study correlated with
aneuploidy as in Alfarawati (2011). On day 5 of development, if
embryos arrested or at morular stage, it is the reliable predictor for
aneuploidy. Blastocysts formed on day 6 have aneuploidy rate higher
than blastocysts formed on day 5 (2,3 times). Outcome of our study also
indicated that blastocysts formed on day 5 have better implant
capability than blastocysts formed on day 6.

4.4.8 Aneuploid degree and capability to form blastocyst. Similar to
the results from Alfarawati (2011), and Vegas (2014), we found that
aneuploidy can happen in all chromosomes and the capability to
develop to blastocysts (grade 2 to 6) decreased when more
chromosomes were affected.

4.4.9 Capability to develop to blastocyst on day 5 and sex of the
embryos with relations to aneuploidy. Our data proved that capability
to grow into blastocysts stage and aneuploidy were not affected by the
sex of the embryos. Culture to the blatocyst stage is not favor the
chosen of male embryos.

4.4.10 Blastocyst quality related to aneuploidy. Prior studies proved
that aneuploidy has negative impacts on blastocyst development
resulting in poor ICM and TE quality and the rate of blastocyst
formation. From our study, the possibility of transferring aneuploidy
blastocyst decreased from 44,2% to 31,1% when only good quality
blastocysts were selected. Our results are consistent with Alfarawati and
Kroener results. Poor ICM quality (grade C-D) is a good predictor for
aneuploidy.

45 Multiple factors affecting aneuploidy through multivariable
analysis.

4.5.1 Two factors of maternal age and day 3 embryos development
rate in relation with aneuploidy. Slow cleavage embryos in older
women is good predictor for aneuploidy. Combined factors of normal
cleavage embryos in young women (<35) can predict more 6,3% -
12,9% euploid embryos in comparison with 1 factor.
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4.5.2 Two factors of number of blastomere and fragmentation in
relation with aneuploidy. Like Magli (2007) results, our study shows
that nearly 50% normal developing embryos with less fragmentation are
aneuploidy (49,2%). Combination of these two factors can predict more
4,9% - 7,1% euploid embryos using only in comparison with 1 factor.

4.5.3 Two factors of size of the blastomeres and fragmentation in
relation with aneuploidy. In combination of 2 factors in embryos with
uneven blastomeres and fragment >15%, the aneuploidy rate was high.
Combining two factors: even blastomeres and fragment less than 15%
can predict more 0,5-14,4% euploid embryos in comparison with
scenario of 1 factor.

4.5.4 Three factors of number of blastomeres, size of the blastomeres,
and fragmentation in relation with aneuploidy. Combination of
fast/slow cleavage, embryos with uneven blastomeres, and fragment
>15% would cause higher rate of aneuploidy. Combined 3 factors:
normal cleavage embryos with even blastomeres and fragmentation
<15% can predict more 6,1% - 18,1% euploid embryos in comparison
with scenario of 1 factor.

4.45 Three factors of number of blastomeres, fragmentation and
distribution of fragment in relation with aneuploidy. Fast/slow
cleavage embryos with fragment >15% scattered between blastomeres
have high aneuploidy rate. Combination of 3 factors of normal
cleavage, fragmentation <15% and concentrate fragment can predict
more 21,5-23% euploid embryos compared with scenario of 1 factor.

In short, using combinations of more than one factor can result
more euploid embryos. Some factors such as maternal age > 40, slow
development embryo on day 5, or poor quality ICM alone are good
indicators of aneuploidy.

CONCLUSION

Using a-CGH in the evaluation of the entire 23 pairs of
chromosomes in 1257 embryos, we conclude the followings:

1. Day 3 embryos with aneuploidy are detected at a high rate of 62.3%
among which most frequently found aneuploidities are chromosome
number 22, 19, 16, 15, 21 va XY. Day 3 embryos with aneuploidy can
develop to blastocyst with 29.5% having self correction capabilities.
Self correction decreases with the increase of mothers’ ages (47.8% in
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mother’s age of less than 35, 22% in mothers between 35 and 40, and
0% in mothers of 40 or older)

2. Some factors correlated with embryos aneuploidy

- Patients with IVF treatment failure, infertility due to ovulation
dysfunction, PCOS, male factors or unexplained infertility have higher
chances of embryo aneuploidy.

- Aneuploidy accelerates in mothers of higher ages. Ratio of aneuploidy
is 90% or higher in mothers of 40 years or older.

- FSH >15mlIU/ml has correlation with Aneuploidy (76,3%).

- Embryos with slow or fast cleavage have higher ratios of Aneuploidy
compared to embryos of normal growth (83,1% , 65,7% and 56,3%
respectively)

- Embryos with uneven blastomeres, more fragment distributed
scattered between blastomeres have higher possibility of aneuploidy

- Embryos with Aneuploidy have significantly less chances to develop
to blastocysts in comparision with normal embryos. Complexity of
Aneuploidy is also a part of the cause. Blastocysts formed on day 6
have higher chance of aneuploidy than blastocysts formed on day 5.

- ICM and TE quality has negative correlation with aneuploidy. Poor
quality ICM and TE blastocysts have 80% of aneuploidy.

- Combined 2 or 3 factors can predict more aneuploidy in embryos.

* Maternal age and day 3 embryo development: slow cleavage
embryos in maternal age of 35-40 and >40 have aneuploidy rate of
87,2% and 88,2%; fast cleavage embryos in maternal age of 35-40 and
>40 have aneuploidy rates 69,6% and 100% respectively.

* Slow cleavage embryos with fragment >5 % have high
aneuploidy rate of 86,2%.

* Embryos with uneven blastomeres and fragment >15 % have
high aneuploidy rate of 86,3%.

* Fast/slow cleavage embryos with uneven blastomeres, and
fragment >5% have high aneuploidy rate of 80,6 and 86,1% ,
respectively.

* Fast/slow cleavage embryos with fragment >15%, scattered
distribution between blastomeres have high aneuploidy rates of 79,1%
and 86,5% respectively.
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RECOMMENDATION

Medical practitioners at 1VF facilities without PGD capability
need to pay close attentions to risk factors related to aneuploidy,
evaluate all aforementioned indicators from this study to select embros
with less possibility of aneuploidy.

Blastocysts (day 5, 6 embryos) transfer would reduce fetus with
aneuploidy.

IVF clinicians should consult high risk patients about the
possibility of having no transferable embryos, its causes, and other
alternative treatment solutions.

Embryos with good morphology and development can still
carry a relatively high possibility of aneuploidy. Therefore, PGS is still
the most accurate solution in finding embryos with aneuploidy at the
present time.

FUTURE RELATED STUDY SUGGESTION

To evaluate embryos in various stages of development from 24
hours to day 2, day 3, day 4 and blastocysts to study factors related to
embryo aneuploidy to detect an optimal method of embryo selection
with least aneuploidy.

To evaluate and monitor embryos using timelapse method
besides PGS

To research embryos’ chromosomes at the blastocyst stage to
minimize limitations of analysis one blastomeres.

To examine other related factors including AMH, ovary’s
volumme...

To further investigate self-correction capability of day 3
aneuploidy in embryos such as correlation with embryo morphology,
type of abnormality, monosomy or trisomy in details.



