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ABSTRACT

Objective: To analyze the correlation and agreement between end-tidal carbon dioxide (EtCO,),
transcutaneous carbon dioxide (TcCO,), and arterial carbon dioxide partial pressure (PaCO,) in
patients receiving high-flow oxygen during apnoea in endoscopic vocal cord surgery.

Subject and method: A prospective observational study was conducted on 130 patients undergoing
endoscopic vocal cord surgery at the 108 Military Central Hospital from October 2022 to December
2025. Allpatientsreceived generalanesthesiawithneuromuscularblockade, and airwvay management
was performed using high-flow oxygen under apnoeic conditions. Paired measurements of EtCO,,
TcCO,, and PaCO, were collected and analyzed to assess correlation and agreement.

Result: A total of 130 patients were included, with a mean age of 47.3 + 11.9 years. A total of 130
paired measurements of EtCO, and PaCO, and 810 paired measurements of TcCO, and PaCO,
were recorded. EtCO, showed a strong positive correlation with PaCO, (r = 0.960, p < 0.001), with
a mean bias of 5.38 mmHg and limits of agreement ranging from +0.82 to +9.94 mmHg (according
to the Bland-Altman analysis). TcCO, also demonstrated a strong positive correlation with PaCO,
(r=0.987, p<0.001), with a mean bias of 2.43 mmHg and limits of agreement from -1.57 to +6.43
mmHg (according to the Bland — Altman diagram).

Conclusion: There is a strong positive correlation between EtCO,, TcCO,, and PaCO, in patients
receiving high-flow oxygen during apnoeic endoscopic vocal cord surgery. TcCO, shows better
agreement with PaCO, than EtCO, and may be a reliable non-invasive method for monitoring
carbon dioxide levels in this setting.
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DANH GIA M8l TUO'NG QUAN GIT'A ETCO, TCCO,, PACO, VA DU BAO TANG PACO,
O BENH NHAN SU DUNG OXY LU'U LUQ'NG CAO KHI NGU’NG THO TRONG PHAU THUAT
NOI SOl DAY THANH

D6 Thanh Hoa', Ngé Van Dinh’
'Bénh vién Trung Uong Quén d6i 108-s6 1 Trén Hung Pao, Hai Ba Trung, Ha N6i

Ngay nhén bai: 02/04/2026
Ngay chinh stra: 12/06/2026; Ngay duyét dang: 22/07/2026

TOM TAT
Muc tiéu: Phan tich mai tuong quan va su phu hgp gira ap luc CO, cudi thi thd ra (EtCO,), ap luc
CO, mau do qua da (TcCO,) va ap lu'c CO, mau trong khi mau dong mach (PaCO,) @ bénh nhan s
dung oxy luu lugng cao khi ngling thd trong phau thuat néi soi day thanh.

Pai tuwgng va phuong phap: Nghién citu mé ta trén 130 bénh nhan phau thuat ndi soi day thanh
str dung oxy luu lugng cao khi nglrng thad tai Bénh vién Trung wong Quan doi 108 trong thdi gian
tlr 10/2022 dén 12/2025. So sanh, phéan tich méi twang quan gilra gia tri EtCO, TcCO, va PaCO, &
nhédm bénh nhan trén.

K&t qua: C6 130 bénh nhan du tiéu chuén tham gia nghién cttu véi do tudi trung binh 47,3 £ 11,9
tudi. 130 cdp mau khi mau déng mach va gia tri EtCO, 810 cap mau khi mau déng machva TcCO, da
dugc ghi nhan. Gia tri EtCO,va PaCO, co mai tu’dng quan thuan, mdc dé manh (r = 0,960, p <
0,001), trung binh cta sy khac biétla 5, 38 mmHg va khoang gia tri gidi han phi hop la tir +0,82 dén
+9,94 mmHg (theo bidu d6 Bland — Altman). Trong khi dé, gia tri TcCO,vaPaCO,co mai tueng quan
thuén, mirc dé manh (r=0,987, p <0,001), trung binh clia su’ khac biét la 2,43 mmHg va khoang gia
tri gidi han phu hop la tir -1,57 dén +6,43 mmHg (theo biéu do Bland — Altman).

K&t ludn: C6 mai twang quan thuan, mirc dé manh gitra gi tri EtCO, TcCO, va PaCO, trén bénh

nhan bénh nhan st dung oxy luu luong cao khi ngirng thd trong phau thuat n0| soi day thanh
Tir khoa: EtCOZ’TcCOy PaCO,, phau thuat néi soi day thanh, oxy luu luong cao.

1. DAT VAN BE

Oxy luu lugng cao khi ngirng thd da dugce (ng dung
nhd&m cung cédp oxy qua dudng mii, hau hong, mask
thanh quan cho mét s& phau thuat vung thanh khi quan
ma khong can dat ong noéi khi quan. Day la phuaong phap
khong can dat ong ndi khi quan, khong théng khi, bénh
nhan ngirng thd hoan toan va trao ddi oxy dugc cung cép
qua hé théng oxy luu lugng cao tir 40 - 70 lit/phat giap
trudng phau thuat hoan toan rong rai, thuan gi cho phau
thuat vién thao tac ky thuat. Tuy nhién nhudc diém cua
phuong phap nay la wu than vaity lé tang CO, mau cao, do
véy theo ddi CO, trong mau la diéu kién bat budc dé dam
bao an toan cho bénh nhan. Tiéu chudn vang dé theo dbi
noéng do CO, mau la xét nghiém khi mau déng mach. Xét
nghiém khi méu cé wu diém chinh xdc va danh gia thém
dugc nhiéu thong s6 khac nhung co nhiéu céac nhugc
diém nhu tht thuat xam l&n, nhiém trung, dau, huyét khai
va chi do dugc 1 thdi diém. Cac phuong phap do nong do
CO, mau khéng xam lan dugc phat trién nham han ché
nhitng nhuge diém clia khi mau. Cé hai phuong phap do
nong dé6 CO, mau khéng xam nhap la do néng d6 CO, cudi
thi thd ra (EtCO,) va do néng do CO, qua da (TcCO,). ba
c6 nhiéu phuaong phap nghién clu trén thé gidi danh gia
veé tinh chinh xac va méi tuong quan gitta EtCO, TcCO, va
PaCO, Tuy nhién, két qua céc nghién clfu con chua théng

*Tac gia lien hé

nhat. O Viét Nam, day van la mot phuong phap méiva cé
rat it cac nghién cttu vé TcCO, cling nhu' méi tuong quan
gitra EtCO, TcCO,va PaCO,

Nghlen ctu nham muc tleu danh gia méi twang quan
va sy phu hgp gitra EtCO, va PaCO, cling nhu TcCO, va
PaCO, & bénh nhan str dung phuong phap oxy luu lugng
cao khi ngling thé trong phau thuat ndi soi day thanh.

2. DOI TUONG VA PHU'ONG PHAP NGHIEN CU'U

2.1. Dai twong

130 BN c6 chi dinh phau thuat néi soi day thanh tai
khoa Gay mé Hoi sirc Bénh vién TWQD 108, bénh nhén
= 18 tudi, phan loai ASA 1, Il (theo phan loai cua Hiép hoi
Gay mé Hoa Ky- American Society of Anesthesiologists),
Mallampati |, BMI < 30 kg/m2. Thdi gian tir thang 10 nam
2022 dén thang 12 nam 2025.
2.2. Phwong phap
2.2.1. Thiét k& nghién citu

Tién cltu, can thiép ld&m sang, mé ta cat ngang
2.2.2. Chuén bi phuong tién dung cu

- May gy mé Aisys-CS2 kém monitor da thong s cla
Phan Lan, bom tiém gy mé nong do dich TCI

-Héthéng may cungcép oxy luu lugng cao Highflow cia
Newzelan (VBM Medizintechnik GmbH, Sulz, Germany).
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- May xét nghiém khi mau Rapid Point.

- l\jéytheo déi CO, qua da clla hang Sentec

- Ong NKQ thudong. Mask thanh quan Proseal céc cd.

-Thudc gdy mévagiam dau: Propofol, Esmeron, Fentanyl...

- Cac phuong tién, thuéc hoi sirc cap clru.

2.2.3. Céch tién hanh

Cac BN dugc tham ki kham trudc phau thuat, phan loai
ASA, phan loai Malampati. Giai thich BN ph&i hgp.

- D4t mét duding truyén tinh mach ngoai vi bang kim uén 18G.

- Lap monitor theo d&i cac théng s& (Khéng dung thuéc
tién mé an than)

- L4p dién cuc theo déi CO, lién tuc qua da Sentec.
Cam bién dién cyc duoc gan trén da clia bénh nhan (tai
céc vi tri dugc khuyén céo).

- Khdi mé: BN dugc thd oxy 100 % qua mask. Tiém cham
céc thudc theo thr ty: Fentanyl 3 mcg/kg; Propofol TCI 3,5 -
4 mcg/ml; Esmeron 0,6 mg/kg.

- Duy tri mé vd&i Propofol TCI 3,5 - 4 mcg/ml, Fentanyl
2-3 mcg/kg/h, Esmeron 0,3mg/kg/h.

- Giai doan phau thuat : m& dong oxy véi luu luong
dong 40 va 70 lit/phut. Trong giai doan nay bénh nhan van
dugc gay mé, gian cg va ngirng thd hoan toan. Theo doi
sét SpO, va khi mau déng mach, néu SpO, giam < 90 %
tién hanh théng khi hd trg véi oxy 100 %.

- K&t thic phau thuat : BN duoc giam dau t6t. Giai gian
ca bang Bridion, theo d&i cho dén khi bénh nhan tinh,
thd tét véi Vi > 8 ml/kg ; SpO2 > 95% va lam theo y lénh,
TOF>0,9, BIS > 90, thi thoat mé.

2.2.4. Céac chitiéu theo dbi va danh gia

- M&i tuong quan gilta EtCO, va PaCO,. Sy’ phu hop
gitta EtCO, va PaCO,. K&t qua néng d6 CO, mau qua khi
mau dong mach dugc so sanh véi két qua nong do CO,
cudi thi thd ra ghi lai tai cung thdi diém 8y khi mé&u déng
mach tai thoi diém két thic phau thuat (T4).

- Méi tuong quan gilra TcCO, va PaCO,,. Su' phu hop gilta
TcCO, va PaCO,. Két qua nong dé6 CO, mau qua khi mau
déng mach dugc so sanh véi két qua nong do CO, mau qua
da ghi lai tai cung thoi diém &y khi mau déng mach. Cac
chi s0 trén dugc lay dong thai vai xét nghiém khi mau dong
mach trong cac thai diém tuong ing 10, T1, T2, T3, T4, T5, T6:

TO: Trudc khi dung oxy lwu lugng cao qua mai (HFNC)

T1: Sau khidung HFNC 05 phut T4: Két thic phau thuat

T2: Sau khi dung HFNC10 phut  T5: Thoat mé

T3: Sau khidung HFNC 15 phut  T6: Sau thoat mé 15 phut

Nghién clru da dugc théng qua hdi déng y dirc Bénh
vién Trung uong Quan déi 108. S6 lieu dugdc xir ly bang
phan mém SPSS 22.0.

3. KET QUA NGHIEN cUU

PaC02chung (mmHg)

Biéu dd 1. Tuwang quan hdi quy tuyén tinh chung giira
TcCO,va PaCoO,

Nhan xét: Co sutuong quan cao gilta 2 gia triTcCO, va PaCO,,
Phuong trinh tuong quan hoi quy tuyén tinh gitra 2 gia tri la:
PaCO,=1,11xTcCO, + 3,16 (mmHg); r = 0,987 (p < 0,001)
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Biéu d6 2. Su’ phu hgp gitta TcCO, va PaCO,

Nhén xét: Trung binh clia s khac biét (bias) la 2,43 mmHg,
khoang gia tri gidi han phu hgp (bias = 1,96 SD) la tur -1,57
dén +6,43 mmHg. Biéu db trén da cho thay c6 su phu hap
gitra gia tri TcCO,va PaCO, khi hau hét cac diém dir liéu
déu nam gitra hai dudng gidi han phu hgp trén va dudi.
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1.0

0.5

0.5

Sensitivity

0.4

0.2

[:X:} T T T T
0.0 0z :x K] 0.s 1.0
1 - Specificity

Bi€u db 3. Budng cong ROC giita PaC0O2 va TcCO2
Nhan xét: Gia tri cut off cla TcCO, du doan téng PaCO,
>82,5 mmHg la TcCO, =77 mmHg cho Se=100%,
Sp=99,2%, AUC=1 (95%CI 0,995-1; p<0,001)

2 Linear = 0.921
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Bi€u db 4. Tuong quan héi quy tuyén tinh chung gitra
EtCO,va PaCO,
Nhén xét: C6 mdi tuong quan thudn, mic d6 manh gilra
2 gid tri PaCO, va EtCO, tai thoi diém két thuc phau thuat.
Phuong trinh tuong quan hoi quy tuyén tinh gitra 2 gié tri la:
PaCO,=1,005x EtCO, + 5,069 (mmHg); r = 0,960 (p <0,001)
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Bi€u d6 5. Su phu hop gitra EtCO,va PaCO,

Nhén xét: Trung binh cua su khac biét (bias) la 5,38 mmHg,
khoang gia tri gidi han tuong déng (bias = 1,96 SD) la tur
+0,82 dén +9,94 mmHg. Biéu dbd trén da cho thay cé su
tuong dong gilta gia tri PaCO, va EtCO, khi hau hét cac
diém dit liéu déu ndm gilta hai dudng gidi han tuong déng
trén va dudi.
4. BAN LUAN

Viéc theo ddi ndng dd CO, méau trong phau thuat ndi soi
day thanh c6y nghia dac biét quan trong nhdm dadm bao an
toan cho ngudi bénh khi str dung oxy luu lugng cao trong
diéu kién ngimng tha. Tang CO, mau néu khong dugc phat
hién kip thdi c6 thé dan dén nhiéu r&i loan sinh ly nghiém
trong. Trong bdi canh do, ky thuat do CO, qua da (TcCO,)
cho phép theo déi lién tuc, khéng xam &n va ngay cang
dugc quan tdm trong thuc hanh gdy mé hoi strc. Nguyén
ly do TcCO, dva trén hoat dong ciia mot cam bién gom
dién cuc pH bang thiy tinh, dién cuc so sanh bac-clorua,
b6 phén gia nhiét, cdm bién nhiét do va khoang chira chat
dién phan. Khi cdm bién dugc 4p |&n da, nhiét dé tai chd
tang l&n gay gian mao mach va lam tang kha nang khuéch
téan CO, qua da. CO, khuéch tan qua mang bao phu dién
cuc, két hgp vdi nude tao thanh axit carbonic, sau dé phan
ly thanh ion hydro va bicarbonat. Su'thay déi pH dan dén sy
chénh l&ch dién thé gitra hai dién cuc va tlr do gia tri TcCO,
dugc xac dinh dya trén mai lién quan tuyén tinh gitra pH va
log PCO,, cho phép ghi nhan lién tuc theo thdi gian thuc.

Hién nay, cac phuong phap theo doi CO, khéong xadm
l&n dugc ing dung rdng rai trong ld&m sang. Tuy nhién, céc
nghién ctu trudc day danh gia do chinh xac va doé tin cay
cuia TcCO, cho thdy nhitng két qua chua dong nhat. Mot
s6 nghién ctu ghi nhan méi twang quan kém gilra TcCO,
va PaCO,, trong khi nhiéu nghién ctu khac lai cho thay
murc do tuong quan va sy’ phi hgp t6t. Nguyén nhén chinh
gay lo ngai trong viéc ap dung rong rai ky thuat nay la sy
chénh l&ch c6 thé dang ké gilra gia tri TcCO, va PaCO,
trong mot s6 trudng hgp. Du vay, nhiéu bang ching trong
y van cho thdy TcCO, van c6 thé phan anh tuang ddi chinh
xac tinh trang CO, mau dong mach. Nghién clu cua
Gancel va céng su (2011) trén bénh nhan suy hé hép cép
tai khoa cép cltu, trong dé dgt cdp COPD chiém ty & cao
nhat (38,09%), da ghi nhan 29 cap gia tri PaCO, va TcCO,,.
K&t qua cho thdy méi twong quan tuyén tinh chét ché gitra
hai gia tri v&i phuong trinh PaCO, = 0,92 x TcCO,, + 4,02;
hé sé tuwang quan r = 0,97 (p < 0,001). Phan tich Bland-
Altman cho th&y trung binh sy’ khac biét chi 0,1 mmHg va
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khoang gidi han phu hgp tir -6 dén +6,2 mmHg [1]. Tuong
tu, Storre va cong su' (2011) nghién ctu trén 24 bénh nhan
thd'théng khi khéng xam an, trong dé 71,43% mac COPD,
ghi nhan 93 gia tri TcCO, bang thiét bj SenTec. Hé s& tuong
quan Pearson dat r = 0,943 (p < 0,001), v&i trung binh sy
khac biét la 1,0 mmHg va khoang gidi han phu hgp tir -4,7
dén +6,7 mmHg [2]. McVicar va Eager (2009) cling bdo
cdo mdi tugng quan manh gitra TcCO, va PaCO,, (r = 0,94;
p <0,001), v&itrung binh sailéch 0,02 kPa (0,15 mmHg) va
gidi han phu hgp tir -6 dén +6,2 mmHg [3].

Trong nghién cu clia chung t6i, gia tri TcCO, va
PaCO, c6 mdi tuwang quan thuan rat chat ché véi hé sé
tuang quan Pearson r = 0,987. K&t qua phén tich Bland-
Altman cho thay su phu hgp t6t gilta hai phuong phap
do, khi phan &n céc cép sé liéu ndm trong khoang gidi
han phlu hgp tir =4,72 dén +9,15 mmHg, vd@i trung binh su
khac biét la 2,21 mmHg. Dong thdi, phuong trinh hdi quy
tuyén tinh dugc xac dinh la PaCO, = 1,11 x TcCO, + 3,16
(mmHg); r = 0,987 (p < 0,001). Mac du nhin chung cé su
phu hop tét, van ghi nhan mot s6 trudng hop cé chénh
l&ch L&n gitra TcCO, va PaCO,, v&i mitc chénh léch t6i da
lén dén 11 mmHg. Hién tugng nay co thé dugc giai thich
bd&i hai yéu t6 chinh: (1) sy gia nhiét tai vi tri do lam tang
PCO, tai m6 va mao mach do tang chuyén hoa yém khi tai
chd; (2) suw san xuat CO, lién tuc clia cac té bao biéu bi,
gop phan lam tang néng do CO, do dugc qua da.

Ngoai viéc danh gia moi tuong quan téng thé, mét s6
nghién ctru con phan tich dé chinh xac ctia TcCO, & céac
muc PaCO, khac nhau. K&t qua cho thay, méac du van duy
tri dugc mai tuong quan va sy phu hgp, trung binh sy khac
biét va khoang gidi han phu hgp cé xu hudng tang lén theo
thoi gian va khi PaCO, tang cao. Trong nghién ctu clia
chuing téi, TcCO, c6 xu hudng dénh gia thap PaCO, thuc té.
Diéu nay c6 thé lién quan dén dé 8n dinh cia cdm bién, viéc
tuan thu thoi gian thay miéng gén, thay dai vi tri do cling nhu
hiéu chuén thiét bj theo dbi. Dang chuy, ching téi khong ghi
nhan bat ky bién ching nao trén da tai vi tri gdn cam bién.
Tuy nhién, can c6 thém céac nghién ctu vdi cd mau lén hon
va thdi gian theo ddi dai hon dé danh gia day di han mai
tuong quan va sy phu hop gitra hai phuong phap do.

Xét nghiém khi mau déng mach hién van dugc xem L&
tiéu chudn vang trong theo déi PaCO, nh& dé chinh xac
cao va kha nang cung cap nhiéu théng s6 sinh ly quan
trong. Tuy nhién, day la phuong phap xdm lan, c6 nguy co
gay dau, mat mau, nhiém trung, huyét khdi va chi phan
anhtinh trang tai mét thdi diém nhat dinh, déng thoi khéng
cho phép theo doi lién tuc theo thai gian thuc. Mac du da
c6 nhiéu ky thuat do CO, khéng xam &4n dugc phat trién
nhdm khac phuc nhitng han ché nay, hién nay van chua
c6 phuong phép nao cé thé thay thé hoan toan xét nghiém
khi mau déng mach. Do do6, cac phuong phap khéng xam
l4n, d&c biétla do CO, qua da, dugc xem la cdng cu hd trg
quan trong trong theo dai lién tuc ndng do CO, [4].

Po CO, qua da cho phép theo déi lién tuc va cho thay
ma&i tuong quan tot véi PaCO,. Tuy nhién, viéc ing dung
trong phau thuat cé thé gdp mot s6 han ché, bao gom thoi
gian can thiét dé thiét lap va 6n dinh cadm bién, dic biét
trong cac phau thuat ngan, cling nhu dé tré nhat dinh gitra
gia tri TcCO, va PaCO, dong mach [5]. Nhiéu nghién ciu
da chi ra réng gia tri TcCO, thudng gan véi PaCO, han so
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v@i EtCO,. Phan tich hoi quy da bién cho thdy dé day mé
m& dudi da, nhiét d6 co thé va chi s6 cung lugng tim c6
lién quan dén viéc TcCO, cao han PaCO,, trong khi d6 day
da, su hién dién clia b&nh phdi, vi tri do va thdi gian do
khéng c6 y nghia théng ké [5]. Nhin chung, TcCO, dugc
dénh gia la c6 dob tin cay cao hon EtCO, va it chiju anh
hudng bdi cac yéu té lién quan dén ngudi bénh.

Vé mat [dm sang, su khac biét gilra cac phuong phap
do CO, khéng xam lan va PaCO, can ndm trong gidi han
ch&p nhan dudc. Mét s8 nghién cltu cho rang sai léch trong
khoang 4 mmHg la phu hgp vé mat [d&m sang. Theo dé,
59,2% gia tri TcCO, nam trong gidi han nay, so vdi 42,1% ddi
vGi EtCO,. Céc nghién clru khac vdi ngudng sai léch chép
nhéan tir 3 dén 4,5 mmHg cling cho thay ty & TcCO, dat yéu
cau cao han rd rét so vdi EtCO,. K&t qua nay tugng dong vdi
nghién cttu clia chung t6i, trong dé tai thai diém T4, trung
binh sy’ khac biét gitta PaCO, va EtCO, la 5,38 mmHg, trong
khi gitra PaCO, va TcCO, chi la 4,2 mmHg.

Hién nay, van con it nghién ctu so sanh truc tiép do
chinh xac gilta cac phuong phap do CO, khong xam lan.
Tobias-Meyer va cOng sy nghién clru trén bénh nhan dat
nodi khi quan tai khoa hoi strc tich cyc da ghi nhan trung
binh sai léch gitta EtCO, va PaCO, la 6,84 + 5,1 mmHg,
trong khi gitra TcCO, va PaCO, chi la 2,3 £ 1,3 mmHg [6].
Bén canh do, theo d6i TcCO, cling da dugc ap dung hiéu
qua & bénh nhan thd tuw nhién hodc thd may khong xam
&n [7]. Trong mdt nghién cltu vé gy mé toan thé khong
dat ndi khi quan, khi tién hanh do dong thai EtCO,, TcCO,
va PaCO,, két qua cho thdy mai twong quan rat manh gilra
TcCO, va PaCO, (r = 0,97), trong khi mai tuong quan gilta
EtCO, va PaCO, chi & muc trung binh (r = 0,62) [8].

5. KET LUAN
EtCO,, TcCO, va PaCO, cé mai twong quan thudn chat
ché& & bénh nhan phau thuat néi soi day thanh st dung

oxy luu lugng cao trong diéu kién ngirng thd. Tuy nhién,
do con ton tai sai léch gilta TcCO, va EtCO, v&i PaCO, nén
céc chisé nay dugc s dung chui yéu dé theo déi xu hudng
thay d8i CO, méau, va khi mau déng mach van can thiét
trong cac tinh huéng lam sang can danh gia chinh xac.
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