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Nguyén ly, vai tro va ing dung cua xét nghiém do d¢ dan
hoi cuc mau (ROTEM) trong phau thuat tim vdéi tuan
hoan ngoai co thé

Principle, role and application of rotational thromboelastometry
(ROTEM) in cardiac surgery with cardiopulmonary bypass

Vii Thanh Lam* Bénh vién Da khoa Quéc té Vinmec Times
Tom tat

Ph3u thuat tim v&i tuan hoan ngoai co thé (THNCT) la loai phau thuét c6 nguy co cao gay rdi loan
déng mau do nhiéu nguyén nhan khac nhau. D€ diéu chinh r8i loan déng mau trong phau thuat nay
trudc day thuong dua vao cac xét nghiém déng mau ca ban nhung cac xét nghiém nay thiéu tinh toan
dién vé tinh trang déng mau lai c6 thai gian xét nghiém thudng qua dai dé hudng dan cac quyét dinh
lam sang. Do d6 dan héi cuc mau (ROTEM) la mot xét nghiém dong mau tai chd toan dién hon, lai cho
két qua nhanh va dang tin cay hon, tir d6 gitp hiéu qua han trong diéu chinh réi loan déng mau. Bai bao
cdo nay téng quan nguyén ly, vai trd va ing dung ctia ROTEM dé diéu chinh r6i loan déng mau & cac
bénh nhan phau thuat tim véi THNCT. Tu d6, sé gitp hiéu ré hon vé xét nghiém ROTEM va md ra mot
hudng mdi gitip qua trinh gady mé hoi stic cho phau thuat tim véi THNCT hiéu qua va toan dién hon.

Turkhéa: Do dé dan héi cuc mau, réi loan ddéng mau, phau thuat tim, tuan hoan ngoai co thé.

Summary

Cardiac surgery with cardiopulmonary bypass (CPB) is a type of surgery with a high risk of
coagulation disorders due to many different causes. To correct coagulation disorders in this surgery,
basic coagulation tests were often used, but these tests lacked comprehensiveness in coagulation status
and the test time was often too long to guide clinical decisions. Rotational thromboelastometry (ROTEM)
is a more comprehensive, fast, and reliable on-site coagulation test, which is more effective in correcting
coagulation disorders. This report reviews the principles, roles, and applications of ROTEM to correct
coagulation disorders in patients undergoing cardiac surgery with CPB. This will help to better
understand the ROTEM test and open a new direction to help the anesthesia and resuscitation process
for cardiac surgery with CPB be more effective and comprehensive.

Keywords: Rotational thromboelastometry, coagulation disorders, cardiac surgery cardiopulmonary
bypass.
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1. DAT VAN BE

Ph3u thuat tim vai tudn hoan ngoai co thé
(THNCT) la loai phau thuat cé nguy co cao gay roi
loan déng mau do nhiéu nguyén nhan khac nhau
nhu mat mau khéi luong 1én, gidm nong do
fibrinogen mau, sir dung liéu phap chéng tiéu cau
kép, thuéc chéng déng, pha hly co hoc tiéu cau,
heparin ton du, phan (ng viém toan than do THNCT
va ha than nhiét trong khi phdu thuat,... lam tang ty
l& bién chiing va tt vong . Viéc diéu chinh réi loan
déng mau la rat quan trong trong gady mé héi suc
cho cac bénh nhan trdi qua loai phau thuat nay. Dé
diéu chinh r6i loan déng mau can dua vao cac xét
nghiém déng mau. Tuy nhién, cac xét nghiém doéng
mau co ban dugc st dung thudng quy nhu thai gian
prothrombin (PT) hay chi s6 chudn héa qudc té
(INR), thai gian thromboplastin mot phan hoat héa
(@PTT), thai gian déng mdau hoat héa (ACT),
fibrinogen va s6 lugng tiéu cau thudng thiéu tinh
toan dién vé tinh trang dong mau cta bénh nhan
dan dén truyén ché phdm mau khéng phu hop lai c6
thai gian xét nghiém thuong qua dai (khoang 30 -
90 phut) dé hudng dan cac quyét dinh lam sang >
Nhitng nam gan day, do dé dan hoéi cuc mau
(ROTEM) da cho thay la mot xét nghiém déng mau
tai ch6 toan dién hon, lai cho két qua nhanh va dang
tin cay hon, la mét thanh phan thiét yéu cla viéc
hudng dan st dung ché phdm mau lam gidm dang
ké s8 lan truyén mau déng loai giup tang cudng an
toan cho bénh nhan *’. Bai viét nay cung cap ro
nguyén ly ctia xét nghiém ROTEM cling nhu vai tro
va Ung dung cta n6 dé diéu chinh rdi loan déng
mau trong gay mé hdi stic cho phau thuat tim véi
THNCT va cho thay mot huéng diéu tri mdi hiéu qua
va toan dién hon vé réi loan déng mau trong loai
phau thuat nay.

Il. NOI DUNG TONG QUAN
2.1. Nguyén ly do luong ciia ROTEM

Thiét bi ROTEM do nhiing thay déi vé do dan
hoéi clla mau trong qua trinh hinh thanh cuc mau
déng véi mot mau mau nhé duge chong déng bang
citrat. Nguyén ly do ctia ROTEM dya trén mét coc
hinh tru (cup) cé dinh va mét truc (pin) thang dung
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quay dao chiéu. Truc dugc hé trg bai mot vong bi dé
chinh xac cao va quay trdi, phai qua moét géc 4,75°.
Su xoay cla truc dugc diéu khién bsi mét dong co
két ndi vai truc thong qua mot 16 xo dan héi. BE do,
ong nhua dung mét lan cé dudng kinh 6mm duoc
I6ng vao truc va mau mau dugc cho vao coc dung
mot lan cé dudng kinh 8mm, réi dugc dua Ién kénh
do. Sau d6, 6ng nhua dugc nhing vao mau mau.
Xac dinh su quay cla truc bang quang hoc théng
qua mot tdm guong tai phan trén cda truc, mot
nguon sang bang diode va mot cdm bién quang hoc
nhay sang (CCD chip). Néu khéng c6 cuc mau dong,
su di chuyén sé khong bi can trd. Khi cuc mau déng
hinh thanh va bam gilra 6ng va bé mat coc, su di
chuyén sé bi can tré. K&t qua dan dén su can bang
gilta d6 cang cua |6 xo va d6 cang cla cuc mau
dong. Khi cuc mau déng tré nén ran chac hon, bién
do dao ddng cua truc sé bi giam di. Két qua do duoc
sé dugc tinh toan bang mét phan mém dac biét >+ ¢
8 Gi6éng nhu trong phuong phap phan tich do6 dan
ho6i cuc mau truyén théng, hé thong ROTEM tao ra
mét dudng cong phan (ng va tinh toan cac chi s6
khac nhau (d6ng hoc va 6n dinh) bang viéc phan
tich todn hoc clia dudng cong d6 (Hinh 1), ching ta
c6 thé danh gia truc quan qua trinh déng mau tu khi
hinh thanh, én dinh cuc mau déng va qua trinh tiéu
fibrin *.

Bidn & (mm)

3
?
Thi gian

Hinh 1. Dudng cong két qua cta phép do dé dan
hoi huyét khéi quay
Chu thich: CT - thai gian dong mau (giay), CFT -
thai gian hinh thanh cuc mau dong (giay), a - géc
hinh thanh cuc mau déng (°), A10 - gia tri cuong do
cuc mau doéng theo thoi gian 10 phat tu CT (mm),
MCF - d6 cling cuc mau déng téi da (mm), CLI3O0 -
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chi sé ly giadi 30 phut sau thoi gian dong mau (%),
CLI6O0 - chi s6 ly giai 60 phut sau thai gian dong mau
(%), ML - lugng ly gidi cuc mau déng toi da (%).
Nguon: Drotarova M va cong su (2023) *.

Hé théng ROTEM cho phép thuc hién nam xét
nghiém: EXTEM, INTEM, FIBTEM, APTEM va HEPTEM
gitp cho c6 cai nhin toan dién vé tinh trang déng
mau cla bénh nhan *’. EXTEM cung cap thong tin
lién quan dén con dudng ngoai sinh (cac yéu té ll, V,
VIl va X), INTEM danh gia con dudng ndi sinh (cac
yéu t6 I, V, VIII, IX, X, XI, XIl va heparin) trong khi
FIBTEM phan anh t6t nhat hoat dong cua fibrinogen
dé danh gia con dudng chung cudi cung, APTEM
danh gia vai tro cla hé tiéu sgi huyét trong viéc hinh
thanh cuc mau déng va HEPTEM danh gid tac déng
cta heparin khéng phan doan Ién qua trinh cam
mau. Sau khi dua mau mau vao thiét bj ROTEM dé
phan tich, gia tri doc ban dau sé la thai gian dong
mau (CT) biéu thi miic d6 hinh thanh cuc mau déng.
Gia tri CT cho chung ta biét bat dau hinh thanh cuc
mau déng nhanh nhu thé nao dé giup dua ra quyét
dinh thay thé cac yéu t6 déng mau (bang cach
truyén huyét tuong tuci dong lanh hodc thuéc trung
hoa tac dung cltia heparin nhu protamine). Tiép theo
la thaoi gian hinh thanh cuc mau déng (CFT) la thdi
gian tU CT dén thoi diém cuc mau doéng dat dén
muc d0 dong mau da chi dinh (20mm). CFT cung
cdp théng tin lién quan dén hoat hda tiéu cau, fibrin
va yéu té XIll dé xac dinh cac van dé lién quan dén

viéc tao cuc mau dong én dinh. Dua vao gia tri clia
CFT, chiing ta c6 thé xac dinh xem bénh nhan c6 can
ti€u cau, huyét tuong tuci déng lanh (FFP),
cryoprecipitate (CFT cao) hay bénh nhan dang trong
tinh trang tang dong (CFT thap). Tiép dén, mot goc
a (tao bai duong doc tiép tuyén so véi phuong
ngang) dugc do dé kiém tra bién do tao ra bdi su gia
téc hinh thanh cuc mau déng va la mét gia tri khac
dé suy ra tinh 6n dinh cia cuc mau déng. Goc a nhd
thudng tuong quan vdi tinh trang gidm fibrinogen
mau hodc gidm tiéu cau, trong khi géc a I6n co thé
ggi y tinh trang tang dong. Hai gia tri ti€p tuong tu
nhau nhung dugc 1ay & cac khoang thai gian khac
nhau. A10 kiém tra dé cling clia cuc méau déng & 10
phut sau CT, trong khi d6 cliing cuc mau déng téi da
(MCF) danh gia dé ciing clia cuc mau déng & méc 20
phut. Ca A10 va MCF déu cung cap théng tin dé xac
dinh nhu cau s dung tiéu cau cé dac, FFP hoac két
tua lanh va hé trg trong viéc xac dinh trang thai tang
dong. G giai doan cudi (tiéu sgi huyét), CLI30 va CLI
60 tuc chi sé ly giai 30 va 60 phut sau thoi gian dong
mau phan anh chiic nang clia cac enzym va chat tc
ché tiéu sgi huyét cling nhu vai tro cta FXIIl. Diéu
nay dugc dinh nghia la phan tram gidam don gian vé
bién d6 so véi MCF va gia tri ML (%) ®. Tang tiéu soi
huyét dugc xac nhan bang su gia tang tiéu cuc mau
déng, bat dau sau 30 phut ké ti khi cuc mau déng
bat dau hinh thanh *. Cac gia tri tham chiéu chuan
cho tiing phép do dugc thé hién & Bang 1.

Bang 1. Gia tri tham chiéu xét nghiém ROTEM & ngudi I6n

Xét i A10 MCF LI30 ML (%)
o CT(s) CFT (s) Goca(°) -
nghiém (mm) (mm) (%) trong 1 gio

EXTEM 38-79 34-159 63-83 43-65 50-72 94-100 <15

INTEM 100-240 30-110 70-83 44-66 50-72 94-100 <15

FIBTEM - - - 7-23 9-25 - -

APTEM Su hinh thanh cuc mféu déng tot hdrm 3 APTEM so vGi EXTEM cho thay tac dung trong éng
nghiém clia thudéc chong tiéu sgi huyét (aprotinin va axit tranexamic)

HEPTEM Su hinh jchénkll cuc mau df“)ng t6t hon & HEPTEM so véi INTEM chi ra su hién dién cta heparin
hoac chat chéng déng gidng heparin

Nguén: Drotarova M. va céng su (2023) *
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2.2. Vai tro va uing dung ciia ROTEM dé diéu
chinh réi loan déng mdu trong gdy mé héi si'c cho
phau thudt tim

Trong phau thuat tim véi THNCT, cac bac si phai
xU ly mét giai doan clra s6 kéo dai khoang 30 - 45
phut dé thuc hién cac can thiép cdm mau véi qua
trinh dado ngugc tdc dung cla heparin bdng
protamine rdi déng nguc va van chuyén bénh nhan
dén phong hai stc tich cuc tim . Trong trudng hop
nay, cac xét nghiém déng mau ca ban nhu PT (hay
INR), aPTT, ACT, fibrinogen va s luong ti€éu cau co6
nhiéu nhugc diém nhu c6 thai gian x{ ly lau, thiéu
dd nhay véi cac muc gidam nhd hon trong cac bat
thuong vé dong mau, kha nang han ché trong viéc
kiém tra chiic nang tiéu cau cting nhu khéng ¢6 kha
nang chan doan cac réi loan déng mau phtic tap hay
khéong cé kha ndang danh gia qua trinh dong mau
trong diéu kién ha than nhiét va kha nang du doan
thap vé chay mau nén khong thich hgp trong giai
doan nay *°. Trong khi ROTEM da khac phuc dugc
cac han ché trén ctia cac xét nghiém déng mau co
ban, cung cadp két qua xét nghiém nhanh trong
vong 10 - 15 phut déng thai c6 hudng dan chi tiét
diéu tri (Hinh 2) nén rat hitu ich. Két qua cia ROTEM
giup céc bac si chudn bi kip thai cac sdn phdm mau
nhu két tda lanh va tiéu cau c6 dac, dac biét 1a khi
khéng c6 sdn cac sdn pham nay. Ngoai ra, ROTEM
clng giup phat hién tac dung con sét lai cda heparin
hodc qua liéu protamine . Vao cudi THNCT, dé trung
hoa tac dung cla heparin thi protamine thudng
dugc dung theo ty |& heparin:protamine tu 1:1 dén
1:1,5 va diéu nay thuong dan dén qua liéu
protamine °. Trong phau thuat tim véi THNCT, ACT
thudng dugc dung dé theo déi tadc dung con sot lai
cUa heparin. Tuy nhién, theo két qua nghién ctru clia
Ichikawa va cong su '°, ACT ciing nhu aPTT tudng
quan rat yéu véi nong do heparin trong mau toan
phan (r = -0,12 va 0,36 tuong Ung) trong khi ty lé
CT\/CT, lai tuong quan tét (r = 0,72) véi nbng do
heparin. Ngoai ra, cac tac gid cing da ching minh
rang hoat dong anti-Xa dudi 0,2U/ml tuong Ung véi
ty 1& CT,\/CTye dudi 1,25 khong lién quan dén tinh
trang mat mau trung that sau phau thuat tang lén.
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Ngudgc lai, qua liéu protamine khéng chi lién quan
dén ACT kéo dai (Gc ché hoat héa yéu té V), ty lé
CT/CTuer < 1, ma cOn lién quan dén tinh trang uc
ché dang ké va kéo dai chiic néng tiéu cau bao gom
con dudng adenosine diphosphate (ADP) va peptide
hoat héa thu thé thrombin . Cac nghién ciu thu
nghiém lam sang cda Koster va cdng su ciing nhu
cla Meesters va cong su cho thdy qua liéu
protamine c6 lién quan dén tinh trang mat mau
tang dang k& nhu cau truyén mau va tang ty lé
phau thuat lai sau phau thuat tim. Vi vay, khéng thé
khuyén cdo trung hoa heparin bang protamine theo
ty lé 1.1 dén 1:1,5. Thay vao dé, ty Ilé
heparin/protamine la 1: 0,6-0,8 la hgp ly hon '*',

Mot van dé khac la bién d6 FIBTEM thap phai
dugc xem xét nhu mét ly do khién ACT, CT, CTyep Va
CTyy kéo dai - dac biét la & tré em trai qua phau thuat
tim vi ndng dé fibrinogen bi pha lodang nhanh chéng
& nhém bénh nhan nay . Fibrinogen la yéu t6 chinh
gdy chdy mau sau phau thuat tim vi n6 bi pha loang
va tiéu thu nhanh chéng trong va sau THNCT.
Nghién ctiu hoi ciu cha Karkouti va cong su '* cho
thdy nhiing bénh nhan c6 néng dé fibrinogen sau
THNCT dudi 2g/L - tuong Ung va&i A5¢5 < 9mm (A10g,
< 10mm) - ¢6 ty |é truyén mau khoi lugng I6n (= 5
don vi hong cau khoi) téang khoang 50%. Két qua nay
phu hop véi két qua dugc bao cao bdi Mace va cong
su ciing nhu clla mot sé tac gia khac va la ly do dé
dat gia tri ngudng cho sy bu fibrinogen/két tua lanh
thanh A5.; < 9mm trong phac d6 " ™. Tuy nhién,
Ranucci va cong '° su da ching minh rang viéc bu
fibrinogen trong phau thuat tim rat hiéu qua dé cam
mau & nhiing bénh nhan bi gidm fibrinogen mau
nhung su bd sung fibrinogen dé A5.; cao hon
16mm (tuong Ung vai nong do fibrinogen huyét
tuong khoang 3g/L) khéng cho thay bat ky hiéu qua
hon. Vi vay, muc tiéu dau tién trong phac doé la A5,
> 12mm, tuong Uing néng do fibrinogen > 2,5g/L va
muc tiéu thd hai (néu chdy mau tiép tuc) la A5 =
15mm, tuong (ing néng do fibrinogen > 3g/L '. Tinh
toan liéu lugng cho fibrinogen c6 dac hoac két tla
lanh dua trén muc tiéu tang bién &6 FIBTEM va dugc
trinh bay trong Bang 2.
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Chdy mdau sau khi trung hoa heparin
v& fruydn mau dude can nhéc

A5, < 35mm hodc CT, > 600s Axit franexamic
hogc ML = 158% (trong 60 phat) (156 - 26mg/kg)
¥ \
ACT sosine > BCT . Protamine 0,3 - 0.5mg/kg (sau d6
va CTIN/CTHEP = 1,25 kiém tra lai ACT va CT, /CT,.)
‘ Nong db fibrinogen hodic chat
ASEX < 30mm ik . -
5 ABFIB <O (13mm) k&t tua lanh (finh todn lieu lugng)
va mm (13mm
€ : Muc tiéu: ASFIB = 12mm (15mm)
A5, < 30 mm va A5, = 9mm (13mm) > TI&U cdU b d&e 5 - 10mi/kg
hodic r8i logn tiéu céu '

Phuc hop protrombin cd ddc
CTy > 808 va AS, = 9mm * (10 -15 don vi/kg) hodc huyét tuong
tugi dédng lgnh (10 - 15mil/kg)

"

Y

CT,, va CT, ., > 280s Huyét tuong tuci déng lanh
(C6 thé qud liéu protamine! ” 10mi/kg (Néu CT van kéo ddi
Kiém tra lai CT sau 10 phut) khi kiém tra lqi)
Tiép tuc chay mau Kieém tra lai sau 10 - 15 phat

bdng mau mau mdi

So do
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Bang 2. B8 sung fibrinogen theo huéng dan cia FIBTEM

Muc tiéu tang FIBTEM Liéu luong fibrinogen Néng d6 fibrinogen .
Y A5 (A‘?O) " uimgg/kg) 9 9 (:1”:9) °9 Két taa lanh (ml/kg)
2 12,5 0,6 (1g cho 80 kg) 1 (5U cho 80kq)
4 25 1,2 (2g cho 80 kg) 2 (10U cho 80kg)
6 37,5 1,9 (3g cho 80 kg) 3 (15U cho 80kg)
8 50 2,5 (4g cho 80 kg) 4 (20U cho 80kg)
10 62,5 3,1 (59 cho 80 kg) 5 (25U cho 80kg)
12 75 3,8 (6g cho 80 kg) 6 (30U cho 80kg)

Nguén: Gérlinger K. va céng su' (2019)

Hon nira, mét nghién ctu khac clia Ranucci va
cdng su cling cho thady néng do fibrinogen > 2,4g/L
(tuong duong A5 = 12mm) c6 thé bu tri cho tinh
trang gidm tiéu cau (< 100G/L) sau THNCT V. Gidm
ti€u cau cing nhu ré6i loan chic nang tiéu cau
thudng gap & bénh nhan phau thuat tim véi THNCT
(v6i ty 1é dugc bdo cdo > 30%) va day cling la
nguyén nhan gay chady mau trong va sau loai phau
thuat nay. Du kién tang A5q; (A10q, MCF) sau khi
truyén 1 pool ti€éu cau la khodng 8-10mm. Do xét
nghiém do dé dan héi cuc mau khong nhay véi tac
dung clGa thud6c chéng ti€u cdu, THNCT va
protamine 1én chiic nang tiéu cau nén do tiéu cau
ROTEM la phuong phap bé sung ly tudng cho do do
dan hoi cuc mau trong phau thuat tim mach '®'°, Xét
nghiém chiic nang tiéu cau trudc phau thuat giup
phat hién khiém khuyét chiic nang ti€u cau & nhiing
bénh nhan dugc diéu tri bang thudc chéng tiéu cau
nhung nhiing thay doi trong va sau phau thuat vé
chiic nang ti€u cau cé vé quan trong va cé y nghia
hon d6i véi viéc quan ly chdy mau chu phau &
nhiing bénh nhan trdi qua phau thuat tim vdi
THNCT .

Cubi cung la su suy gidm tao thrombin. Sy thiéu
hut cac yéu t6 déng mau cla con dudng dong mau
ngoai sinh dugc phat hién bang CT, > 80 gidy néu
A5;; binh thudng (= 9mm) '. Nghién ctu cla Blasi va
codng sy *° da chi ra rang CTyy > 84 gidy du doan INR
> 1,5 trong 93% cac trudng hap, trong khi CT, dudi
gid tri nay du doan INR < 1,5 trong 100% cdc truong
hop & nhiing bénh nhan dung acenocoumarol sau
thay van tim. G cac bénh nhan dugc diéu tri bing

130

warfarin, nghién ctu ctia Schmidt va céng su *' cho
thay CTgy c6 do6 nhay va dé dac hiéu lan lugt la 0,89
va 1,00 dé phat hién INR > 1,2 v6i gia tri du bao
duong tinh va am tinh lan luot la 1,00 va 0,88.

Thuc té rang viéc truyén hong cau khoi, huyét
tuong tudi déng lanh va khéi tiéu cau c6 thé dan
dén cac tac dung phu nghiém trong, chdng han nhu
tén thuong phdi cap tinh, qua tai tuan hoan hay
diéu hoa mién dich lién quan dén truyén mau va
nhiém trung bénh vién *. Nhiéu phan tich téng hop
va tht nghiém lam sang cé déi chiing ngau nhién
cho thdy viéc truyén mau ciing nhu diéu chinh roi
loan déng mau theo huéng dan ctia ROTEM da dan
dén gidm dang ké tinh trang chdy mau, nhu ciu
truyén mau, ty 1& bién ching va ti vong, thai gian
nam vién cling nhu chi phi diéu tri & cac bénh nhan
phau thuat tim véi THNCT 2, Viéc han ché truyén
mau da dugc ung hd bdi cac Hiép hoi Phau thuat
tim mach va gdy mé chau Au ciing nhu Hoa Ky nhu
mot khuyén nghi 1A va viéc nay cé thé dat dugc
hiéu qua bang cach truyén va diéu chinh réi loan
déng mau theo hudng dan ctia ROTEM 2,

Il KET LUAN

Xét nghiém do d6 dan hoi cuc mau (ROTEM) da
khdc phuc dugc cac han ché cla cac xét nghiém
ddng mau co ban, gitp phat hién nhanh chéng tinh
trang r6i loan déng mau va do d6 cung cap liéu
phap diéu tri toan dién va hiéu qua hon trong gay
mé hoi stc cho cac bénh nhan phau thuat tim vai
tuan hoan ngoai cc thé. Pay la mot xét nghiém nén
dugc st dung thudng quy trong gay mé héi stc cho
loai phau thuat nay.
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