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ABSTRACT

Objective: To describe the changes in regional lung ventilation measured by electrical
impedance tomography in patients undergoing laparoscopic colorectal surgery.

Subjects and methods: A prospective observational study was conducted in 64 patients
undergoing laparoscopic colorectal surgery under general anesthesia at Bach Mai
Hospital between November 2024 and August 2025. Electrical impedance tomography
data were collected to assess regional ventilation and regional lung mechanics at the
following time points: T1 (before anesthesia induction), T2 (after tracheal intubation),
T3 (after CO, insufflation and position change), T4 (30 minutes after insufflation), T5 (60
minutes after insufflation), T6 (120 minutes after insufflation), T7 (5 minutes after CO,
desufflation), and T8 (end of surgery). Factors associated with changes in ventilation
distribution were also analyzed.

Results: The anterior-to-posterior ventilation ratio (A/P) was > 1 at T1, but decreased to <
1 from T2 to T8. Posterior lung ventilation decreased from 51.57% at baseline to 34.01%
at T3. The right-to-left ventilation distribution changed significantly throughout the study,
showing a trend toward increased ventilation in the left lung and decreased ventilation
in the right lung compared with T1. Right lung ventilation decreased from 57.51% to a
minimum of 31.47% in the head-down right-tilt position, while left lung ventilation
increased correspondingly but did not completely return to preoperative levels.

Conclusion: Endotracheal anesthesia and laparoscopic abdominal surgery significantly
altered the regional distribution of lung ventilation measured by electrical impedance
tomography, particularly reducing ventilation in dependent lung regions.

Keywords: Electrical impedance tomography, regional ventilation, laparoscopic surgery,
anesthesia.
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TOM TAT
Muc tiéu: M6 ta sy thay ddi ty l& thong khi viing phéi bang may cat ldp trd khang dién &
bénh nhan phau thuat ndi soi cat dai-tryc trang.

Dabi twgng va phuong phap: Nghién cliru quan sat ti€n clru trén 64 ngudi bénh trong qua
trinh gdy mé phau thuat nodi soi cat dai-truc trang dugc thyc hién tai Bénh vién Bach Mai
trong thai gian tr thang 11/2024 dén thang 8/2025. Dt liéu cat Ldp trd khang dién dugc
thu thap vé théng khi viing va dac diém co hoc viung cla phéi tai thoi diém T1 (trudc gay
mé), T2 (sau dat dng ndi khi quan), T3 (sau bom CO, va thay déi tu' thé), T4 (sau bom CO,
30 phut), T5 (sau bom CO, 60 phut), T6 (sau bom CO, 120 phut), T7 (sau xa CO, 5 phut), T8
(k&t thic phau thuat) va cac yéu t8 lién quan dén su thay déi phan bd théng khi.

Két qua: Ty & thong khi vung phéi trude/sau (A/P) > 1 tai T1, A/P < 1t T2 dén T8. Thong
khi phéi sau gidm tr 51,57% tai T1 xudng 34,01% tai T3. Thong khi phdi phai/trai thay déi
nhiéu trong suét thdi gian nghién cltu theo xu thé tang théng khi phéi trai, giam théng khi
phéi phai so vdi thai diém T1. Thong khi phdi phai giam tir 57,51% xuéng thap nhat 31,47%
trong tu thé dau thap nghiéng phai, thong khi phaéi trai tdng tuong (ng va khéng héi phuc
hoan toan nhu trudc phiu thuat.

K&t luan: Gay mé ndi khi quan va phau thuat ndi soi 6 bung lam thay ddi dang ké sy phan
b6 théng khi viung phéi trén cat ldp trd khang dién tai vi tri theo déi, ddc biét giam théng khi
vung phdi phu thudc.

Tir khéa: Cat l6p trd khang dién, théng khi vung, phau thuat ndi soi, gay me.

1. DAT VAN BPE

Cat l6p trd khang dién (electrical impedance
tomography - EIT) dua trén sy chénh léch trd khang
dién gitra cac vung va thay déi theo nhip thd trong
qua trinh hé hdp ma hé théng may sé dung thanh
lwgc do trd khang cac vung theo mat phang cét
ngang long nguc giong nhu hinh anh trén CT scan
[1-2]. Bay la phuong phap tao hinh anh khéng xam
l&n, khong phat tia xa. Thong thuong, EIT sirdung 16
ho&c 32 dién cuc gan quanh bé mat lbng nguc, qua
do truyén dong dién tan s cao, cudng do thap ma
ngudi bénh khéng cdm nhan dugc. Trén thé gidi, EIT
da dugc chirng minh hiéu qua trong theo doi va toi
uu théng s6 may thd & bénh nhan bi hdi ching suy
hé h&p cap tién trién va trong gdy mé phau thuat.

*Tac gia lién hé

Tai Viét Nam, thiét bj EIT mé&i dugc dua vao sir dung
tlr ndm 2021, chi yéu trong theo doi ngudi bénh bi
héi chirng suy hé hap cép tién trién do COVID-19,
chua c6 nghién ctu ndo 4p dung trong gay mé phau
thuat [3-4]. Phiu thuat ndi soi 6 bung, véi tdc dong
clia viéc bom CO, vao khoang phic mac va thay doi
tu thé theo yéu cau clia phau thuat da dugc ching
minh & y&u t6 lam tang ty & xep phdi trong va sau
phau thuat nhung dac diém théng khivung ctia phdi
& nhém ngudi bénh nay chua dugec mé ta su' bién ddi
trén EIT [5].. B&i vay, ching téi ti€n hanh nghién clu
nay vd&i muc tiéu nhan xét su thay déi ty & phan b
théng khi viung ctia phdi trén EIT & ngudi bénh phau
thuat ndi soi cat dai-truc trang.
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2. DOI TUONG VA PHUONG PHAP NGHIEN CUU
2.1. Thiét ké nghién ctru

Nghién ctru mé ta tién curu.

2.2. Thoi gian va dia diém nghién ciru

Nghién ctru ti€n hanh tir thang 11/2024 dén thang
8/2025 tai Trung tdm Gay mé Hoi sirc, Bénh vién
Bach Mai.

2.3. Déi twgng nghién clru

- Tiéu chuén lya chon: ngudi bénh = 18 tudi c6 chi
dinh phau thuat noi soi cat dai-tryc trang, duoc gay
mé noi khi quan, ASA tur I-Ill, BMI < 30 kg/m?, nguai
bénh déng y tham gia vao nghién cltu.

- Tiéu chuén loai trir: ngudi bénh c6 chdng chi dinh
theo d6i bang may do tré khang dién nhu' bénh nhan
c6 kim loai c8y ghép trong vuing nguc, may tao nhip,
cac bénh ly ngoai da can trd viéc lap dai theo doi;
ngudi bénh bi bién dang lbng nguc hodc co6 tén
thuong phéi tir trudc dugc phat hién bang X quang
ho&c CT scan ldng nguc.

-Tiéu chuén dua ra khoinghién ctru: thay déi phuong
phap phau thuat (ndi soi chuyén mé md), khéng lay
da dir liéu céc thai diém nghién cliu.

Theo céc tiéu chuén trén, chung téi lwa chon duodc
64 bénh nhan dua vao nghién clu.

2.4. C& mau va phuong phap chon mau

Ngudi bénh da tiéu chuéan dua vao nghién clu lay
mau thuan tién.

2.5. Cong cu, phuwong tién nghién cru

May gdy mé kém thd Carestation 620 (hdng GE
Healthcare, My); may theo déi EIT Enlight 2100

(hang Timpel SA, Brazil).
2.6. NGi dung nghién curu

Trude mé, ngudi bénh dugc thdm kham thudng quy,
dugc giai thich va xac nhan dong y tham gia nghién
clu.

Tai phong mé, tién hanh (ap dat céc thiét bi theo dbi
dién tim, huyét ap, SpO, va deo dai EIT gbm 16 dién
cuc dat quanh nguc & ngang mdc khoang lién suwon
IV-VI.

Kh&i mé bang Propofol ligdu 1,5-2 mg, Fentanyl 2
mcg/kg va Rocuronium 0,6 mg/kg.

Sau khi dat va xac dinh chinh xac vi tri clia 6ng noi
khi quan, thuc hién cai dat cac théng s6 may mé
nhu sau: mode kiém soat thé tich (VCV), Vt =7 ml/
kg theo can nangly tuéng, FiO, = 40% hodc tdng néu
SpO, < 94%, I/E = 1/2, tan s6 thd tir 12-16 lan/phut
diéu chinh dé EtCO, & mirc 35-45 mmHg, PEEP 5
cmH,0.

Ghinhan céc bién sd trén ban do thong khivung phdi
clia may EIT & cac thoi diém trudce khi gady mé, trong
va sau khi két thic phau thuat véi cac thoi diém cu
thé la: T1 (trudc gady mé), T2 (sau dat ndi khi quan),
T3 (sau bom CO,), T4-T6 (sau bam CO, 30 phut, 60
phuat, 90 phut), T7 (sau xa CO,), T8 (k&t thuc phau
thuat). Sy thay déi cac théng s6 EIT khi tu' thé ngudi
bénh trong qué trinh phau thuat cling dugc ghinhan.

Bién s6 chinh: dac diém chung (tuéi, gidi, BML...), ty
(& thong khi phdi phai (R), trai (T), trudc (A), sau (P),
théng khivung theo géc mot phan tuv (ROI 1, 2, 3, 4),
thong khivung theo L&p (roilayer 1, 2, 3, 4) trén man
hinh ctia may EIT (Hinh 1).
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Hinh 1. Ban d6 théng khi trén EIT (hinh minh hoa)
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2.7. Phuong phap phan tich va xir ly sé liéu

S8 liéu sau khi thu thap va nhap liéu bdng phan mém
Repcap, phan tich s liéu bang phan mém SPSS
22.0.

2.8. Pao durc trong nghién ctru

Nghién ctru dugce tién hanh theo quy dinh ctia Hoi
dong Dao dirc Bénh vién Bach Mai.

3. KET QUA NGHIEN cUU

Bang 1. Dac diém chung
clla nhém bénh nhan nghién ctru (n = 64)

Pac diém Bién sé
. Mean = SD 64,1+12,9
Tubi (nam)
Min-max 28-92
Gidi (nG/nam) 30/34
) Mean = SD 21,4+£2,4
BMI (kg/m?)
Min-max 17,4-25,3
I-11 55 (85,9%)
ASA
1" 9(14,1%)
Tang huyét ap 24 (37,5%)
Paithao
N 13(20,3%)
Bénh kém theo dudng
Bénh than 6 (9,4%)
Bénh than kinh 1(1,6%)

3.2. Pac diém thong khi vung cta phéi trén EIT

Ti lé phan tram

= NN W oW AN

o o o o ol o o
)

=y
o

Pac diém Bién s6
Thoi gian gy Mean = SD 176,3 £ 28,1
mé (phut) Min-max 120-232
Thai gian phéu Mean = SD 159,6 + 25,6
thuat (phut) Min-max 115-210

Bé&nh nhan nghién cttu cé tuditrung binh 64,1 12,9,
gidi tinh can doi (nt/nam = 30/34). Pa s6 thudéc ASA
I-1l (85,9%), BMI trung binh 21,4 + 2,4 kg/mz. Bénh
kém theo chll yéu la tang huyét ap (37,5%) va dai
thdo dudng (20,3%); thoi gian gdy mé va phau thuat
trung binh lan lugt & 176,3 = 28,1 phut va 159,6
25,6 phut.

= Noi soi cat daitrang trai = Noi soi cat dai trang phai
N&i sai cat tryc trang
Biéu do 1. Phan bé loai phau thuat (n = 64)

Ph4u thuat ndi soi cat dai trang phai chiém ty lé cao
nhat (51,6%), cat truc trang (31,3%); cat dai trang
tréi (17,1%).

—e—ROI1
—0—ROI 2
ROI 3
ROI 4

4 6 8 10

Thoi diém nghién civu

Biéu do 2. Thay ddi phan bé théng khi viing theo géc phan tu (n = 64)
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Ty & phan b6 thong khi vung phéi trudc bén phai
(ROI 1) c6 xu huéng giam théng khi so vGi phéi trude
bén trai (ROl 2) c6 xu hudng tang thong khi. Tuong
tuw vung phdi sau bén phai (ROI 4) cling c¢6 xu huéng
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giam thong khi, trong khi thong khi vung phéi sau
bén trai (ROI 3) lai c6 xu huéng tang thong khi. Nhu
vay ca vung phdi trudc va phdi sau bén trai cung tang
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Bi€u d6 3. Thay déi phan bé théng khi vung phai phai va trai (n = 64)

O tu thé nam trude gay mé (T1), ngudi bénh tu tha
c6 ty & phan bd théng khi viing phéi phai la 57,51%,
phéi trai la 41,62%; ngay sau khi dat éng néi khi
quan (T2) da c6 thay déi sy phan b thong khi, dich
chuyén thong khi tir bén phai sang bén trai vdi ty &
gan nhu nhau. Sau khi bom CO, phic mac (T3 dén

%ﬁ ~
& o
T6), ti€p tuc c6 su phan bo lai théng khi, ty 1& thong

T5
khi ph8i phai chi con khoang 38,16% (& T3) cho tdi
khi k&t thac phau thuat thi cé su phuc hdi phan bé
théng khi cho phdi phai lén 45,07% (T8), tuy nhién
chua vé dugc mirc phan b thong khi nhu ban dau.

Phan bé théng khi viing Trai - Phai

—

—

T1 T2 T3 T4 T5

Nhém Nham
1 2,3
O O
m O

16 T7 18

Thoi diém danh gia
3 Nhém 1: phdu thut néi soi cat dai tr?ng phai;
nhom 2: phau thuét néi soi cat dai trang trdi; nhom 3: phau thuét néi soi cat truc trang

Bi€u dbd 4. Thay ddi phan bé théng khi vung theo loai phau thuat (n = 64)

Trong phau thuat ndi soi cat dai trang phai, tu thé
phau thuat dau thap nghiéng tri; trong phau thuat
ndi soi cat dai trang trai va truc trang, tu thé phau
thuat dau thap nghiéng phai nén xép vao chung
nhém 2-3. Nhém phau thuat noi soi cat dai trang
trai, trén EIT thé hién thong khi phdi phai giam nhigu
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hon (57,8% xudng 31%) so v&i nhém phau thuat noi
soi cat dai trang phai v4i tu thé nghiéng trai (56,9%
xuéng 44%). Tu'thé& phau thuat nghiéng bén nao lam
lam thay ddi phan bé thong khi phéi bén &y, hay cé
sy thay déi phan bd théng khi & phdi phu thudc va
ph&i khang phu thudc cé ¥ nghia théng ké (p < 0,05).
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Biéu db 5. Thay ddi phan bé théng khi phdi theo L&p cat ngang roilayer (n = 64)

Ty l& phan bé théng khi vung phéi trudc (roilayer 1)
va phoi sau (roilayer 4, roilayer 3) c6 xu hudng giam
ty & thong khi trong suét thdi gian theo doéi, giam
ngay sau khi gdy mé va giam nhiéu haon trong qua

trinh phau thuat. Phan bé théng khi tai vung roilayer
2 tang tur 42,85% khi ty thd lén 54,69% sau gay mé
va trong qua trinh phau thuat.
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Biéu d6 6. Thay ddi phan bé théng khi viing phéi trwdc-sau (n = 64)

Su phan bé théng khi phéi trén EIT & phéi thay déi
theo hudng giam théng khivung phdi phia sau & cac
thoi diém trong mé so vdi thai diém T1. Théng khi
vung phéi sau giam dang ké tir 51,47% khi ty thd
xuéng 34,1% trong qué trinh phiu thuat, sy khac
biét cé y nghia théng ké (p < 0,05). K&t thuc phau
thuat, vung phdi sau (phdi lung) cé tédng nhe én
37,44% nhung chua vé dugc nhu khi trudc gay mé.

4. BAN LUAN

Trong thdi gian nghién clu, chung t6i lwa chon dugc
70 ngudi bénh du tiéu chuan dua vao nghién cuu,
tuy nhién c6 6 truong hop bi dua ra khéi nghién cliu
vi ly do chuy&n déi phuong phap phau thuat sang
m& ma&va khong 18y di sé liéu trong qué trinh nghién
cuu.

TUr bang 1 cho thdy nhom nghién cltu c6 dé tudi
trung binh la 64,1 = 12,9; ty l& nam/n{ twong duong
(30/34); da s6 c6 ASA I-1l (85,9%); BMI trung binh
21,4 = 2,4 kg/m2; thai gian gdy mé trung binh 176,3
+ 28,1 phut; thdi gian phau thuat trung binh 159,6
+ 25,6 phut. Biéu do 1 cho thay phau thuat ndi soi
cat dai trang phai chiém 51,6%; dai trang trai va truc
trang chiém 48,4%.

Khi hit vao, khéng khi khéng di vao phdi mét cach
khong déng déu & tat ca cac vung. Do anh hudng
clia trong luc, cu trdc 1ong nguc, tinh dan hoi clia
phdi, tu thé ngudi bénh va tinh trang bénh ly, lugng
khi vao/ra sé khac nhau gitta cac vung phoi (dinh/
day, trudc/sau, phai/trai). Thong khi vung (regional
ventilation) c6thé dugc do/hiénthibang cac phuong
phap hinh anh nhu CT, PET, X quang phdi, EIT hodc
ky thuat chire nang khac dé xac dinh ving nao théng
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khi tét hoac kém, gitp cho biét hiéu qua trao déi khi
cling nhu phén phdi V/Q. Trén EIT, chliing tdi quan sat
thay su thay déi dang ké vé phan bé théng khi vung
cua phdi tir khi ngudi bénh tu' thd bat dau gdy mé noi
khi quan cho dén khi két thuc phiu thuat.

Théng khi vung trén EIT tai thoi diém ngudi bénh tu
thd (T1), phéi phaithong khi nhiéu hon phdi trai, phdi
sau thong khi nhiéu han phoi trudce. & nhém nghién
cltu, bén phai chiém 57,57% phéi trai la 41,62%,
phéi trudc (anterior) 48,11%; phdi sau (posterior)
chiém 51,47%, ty l& A/P = 1 (trong dé chu yéu LA
vlng trung tdm roilayer 2 chi€ém 42,83%, roilayer 3
chiém 42,64%), vung sat lung nhat (roilayer 4) chiém
6,34%. K&t qua clia chung toi cling tuwong dong vai
két qua cla Lin Yang va cong su nghién citu danh
gia thong khi vung trén 71 ngudi tham gia cé phéi
khoe manh. Céac doi tugng dugc kham trong khi thd
tu nhién & tu th& nam nglra. Cac phép do EIT dugc
thuc hién & muic khoang lién suon IV. K&t qua cho
thay trén EIT théng khi vung trung tdm (CoV), ty &
thong khi & vung lung va vung lung sau ROI4 (TVD
va TVROI4) [an lugt 1a 48,7% = 1,7%; 48,1% * 54%);
TVROI4 7,1% = 1,8%; khong cé thdong s6 nao dugc
danh gia cho thdy méi tuong quan dang ké vdi tudi
[6].

Thay d8i phan b8 thong khi ngay sau khi dat 8ng ndi
khi quan (T2) theo xu hudng tang thong khi phai trai,
giam thong khi ph6i phai. Sau dat néi khi quan, ty &
phan b6 thong khi phéi phai/trai (R/L) 14 50,07/49,03;
ty 1& thong khi trudc/sau (A/P) > 1 (65,9/34,1). Su
thay d6i nay c6 thé lién quan dén tac dong cliathdéng
khinhan tao két hop véitac déng gian cohé hap cua
thudc mé, thudc gian co. Lundquist H va cong s da
chup cat l3p vi tinh cho 107 ngudi bénh sau gady mé
chothdy c6 dén 95 trudng hop (89%) c6 xep phdi sau
md, trong dé xep phdi chii yéu vung phdi lung (phdi
phu thudc chiém 78%) xuat hién ngay sau khi khdi
mé [8]. Xep phdi trén EIT (mat khi) la vung cé thay ddi
tré khang dién it hoac khong co trong chu ky hé hap,
xuat hién dudi dang vung cé tin hiéu théng khi thap
(thuong & mau xanh lam hoac t6i) trén ban do thong
khi theo vung cta EIT. Khi ph6i bi bénh ho&c & bénh
nhan nam nglra, trong luc khién vung phéi phia sau
dé bi xep do mat thé tich khi, trong khi vung trudc
(anterior) vAn con théng khi. Diéu nay lam cho théng
khi bi dén vé phia trudc, dan dén ty & A/P tang cao
(A/P>1). Ty l& A/P cang cao, sy mat dong nhat thong
khi ggi y xep phdi xay ra § vung sau [1], [9].

Théng khi vung trén EIT trong qua trinh phau thuat
ndi soi (T3-T6): sau khi bom CO, phuc mac va thay
dé&i tu thé trong phau thuat néi soi thi ty & théng khi
R/L la 38,18/61,84, A/P la 65,9/34,1, ty l& A/P > 1.
Phan bo thong khi gan nhu ddo ngugc hoan toan so
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vGi thai diém T1. Viéc bom hoi 6 bung va tu thé dau
thap da dugc chirng minh la tao diéu kién thuan lgi
cho viéc hinh thanh xep phdi do sy tang ap luc 6
bung va tac déng lam dich chuyén co hoanh vé phia
dng nguc dan dén lam tram trong tinh trang xep phdi
do d@ ép [3-4]. Thong khi viing trén EIT tai thoi diém
sau bom CO, gan nhu khong lam thay doi ty & A/P,
nhung lam thay ddi ty 1& R/L. Ty & R/L anh hudng béi
tu thé nghiéng ctia phau thuat. O nhém ngudi bénh
phau thuat ndi soi cat tryc trang va dai trang trai voi
tu thé dau thap nghiéng phai thi ty 1& thong khi phdi
phai cang giam tram trong hon (giam tir 57,47%
xuéng 31,1%). Diéu nay mot lan nira khadng dinh rang
théng khi phdi ving phéi phu thudc gidm. Théng khi
vlng tai thoi diém két thic phau thuat (T7, T8) cé sy
hoi phuc & vi tri thong khi kém hon. Ty & thong khi
phéi R/L va A/P mé&c du con chua vé dugc nhu tai
thai diém T2 nhung su khac biét khong cé ¥ nghia
thong ké (p < 0,05). K&t quéa clia chuiing toi tuong tuw
nghién cu clia Karsten J va cong suw[10].

Mac du EIT gitp theo d6i hé hdp dugce truc quan hda
bang hinh &nh, tuy nhién con c6 motsé mat han ché
nhu EIT chi ghi nhan thay d&i théng khi & mét 4t cat
ngang clla nguc (thudng & mic khoang lién suwon IV-
VI), do d6 khéng phan anh day di toan bé thé tich
hoac phan b6 théng khi toan phdi. Mot sé thiét bi
dién, dao mé dién, may dét dién c6 thé gay nhiéu
dong dién tan s6 cao cua EIT, lam giam dé chinh xac
ho&c gay mat tin hiéu tam thoi. Nén c6 thém nhiéu
nghién ctru vé tinh &rng dung may do EIT theo doi
trong gay mé hoi surc.

5. KET LUAN

K&t qua nghién clru cho thay gdy mé ndi khi quan va
ph&u thuat ndi soi cat dai-tryc trang c6 anh hudng ré
rét dén phan bé thong khi viung phéi dugc ghi nhan
bang cat lGp trd khang dién (EIT). Su'thay ddi nay xay
ra ngay sau khi khd&i mé va duy tri trong sudt qua trinh
phau thuat, biéu hién bang:

_ Giam thdng khi phdi phu thudc véi ty L& thong khi
gidm dang ké tir 51,47% khi ty thd xuéng 34,1% sau
bom CO,, va hbi phuc khéng hoan toan khi két thic
phau thuat.

-Thay déi phan b8 thong khi gitra hai phditheo hudng
gidm thong khi phéi phai va tang thong khi phéi trai,
dac biét ro rét & cac tu thé dau thap nghiéng phai
ho&c tréi tly theo loai phiu thuat.

- Ty & thong khi vung phoi trude/sau gidam tir > 1 khi
tu thd xudng < 1 trong qua trinh phau thuat, phan
anh su dich chuyén thong khi ra khoi viung phéi phu
thuéc dudi tac déng clia tu thé va ap luc 6 bung.
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Nhu vay, phau thuat noi soi 8 bung va céac yéu t6 di
kém nhu gdy mé bam CO,, thay doéi tu thé cé thé
gay gidm thoéng khi ving phdi phu thudc, goép phan
hinh thanh xep phéi trong va sau mé. Khi két thuc
phau thuat ndi soi, su phan b6 théng khi cai thién
hon nhung chua hoi phuc hoan toan nhu trude mé.
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