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PAC PIEM CO' HOC VA PHAN BO KHI VUNG PHOI
TRONG THONG KHI NHAN TAO TU' THE NAM SAP O BENH NHAN
CO HOI CHU’NG SUY HO HAP CAP TIEN TRIEN

Nguyén Thi Kiéu Trinh'5, P§ Ngoc Son>",

Tran Hiru Thong?, Bui Thi Hwong Giang'2, Pinh Vin Trung'*,

TOM TAT

Muc tleu Nhin xét su thay déi vé cd hoc va
phan bd khi viing phdi théng qua ky thudt cit 13p trd
khang [ong nguc (EIT- Electrical Impedance
Tomography) trong thong khi nhan tao tu the nam
sap G ngudi bénh cd hdi chu‘ng suy ho hap cap tién
trién (ARDS). Doi tugng va phuang phap nghlen
cfu: Nghién clru quan sat mo ta, chon mau toan bo
benh nhan ARDS dugc chi dinh thong khi nhan tao
nam sap dudc thuc hién ky thut EIT tai Trung tdm
Hoi strc tich cuc - Bénh vién Bach Mai tir thang 5 ndm
2024 dén thang 9 nam 2025 Cac thong s6 cd hoc
ph0| do béng may thd va cac thong s6 TVP, TVROI4,
ty 1é A/P do bang EIT tai cic thdi diém nghlen clu.
Phan tich va xtr ly so liéu béng phan mém SPSS. Két
qua: Nghlen ctu gom 17 ngudi bénh ARDS dugc
thdng khi ndm sap va do EIT 24 [an. Tudi trung binh
51,88 + 22,34; nam gidi chi€ém 64,7%); BMI trung binh
23 31 £3, 92 kg/m2 Bénh man tinh thuGng gap nhat
la tang huyet ap (41,2%) va suy tim (23,5%). Diém
SOFA trung binh 11,76 + 3,01; APACHE II 21,2 +
5,99; LIS 2,85 + 0,34. Phan I6n bénh nhan khéi phét
trén 3 ngay (70,6%); thdi gian tir khai phat dén khi
théng khi nam sap la 2,7 £ 0,44 ngay. TruGc ndm
sap, Cstat trung binh 24,06 + 1,68 mL/cmH20; Pplat
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trung vi 25 cmH20; Pdriv trung vi 15,5 cmH20. Khi
mau dong mach cho thdy suy hé hdp nang vdéi P/F
93,23 + 22,58; PaCO2 trung vi 49 mmHg; pH 7,31;
HCOs~ 26,94 mmol/L. EIT ghi nhan phan bg thong khi
khong dong déu, uu thé vung trude (TVA 56%) S0 VGi
vung sau (TVP 44%) ty 1é A/P = 1,49. Phan bd gilfa
phéi trai va phai tuong déi can doi (48% S0 Vi 52%),
tuy nhién thong khi tai ving phu thuoc nhat thap
(TVROI4 trung b|nh 7,5%). Sau nam sap, Cstat tang,
PpIat va Pdriv glam Pa02/FiO2 cai thlen rd. Phan bo
thong khi tré nen dong déu han véi giam ty 1é A/P va
tang thong khi vung phu thudc. Két luan: Théng kh|
ndm s&p gilip cai thién cd hoc phdi, tang oxy hoa mau
va lam dong déu phan bd thong khi & bénh nhan ARDS
nang.

T khoa: EIT, ARDS, BMI, Tén thuong phdi LIS,
Driving pressure, P/ateau pressure, Compliance.

ABSTRACT
LUNG MACHANICS AND LUNG AIR
DISTRIBUTION DURING PRONE POSITION
MECHANICAL VENTILATION IN PATIENTS
WITH PROGRESSIVE ACUTE RESPIRATORY

DISTRESS SYNDROME

Objective: Assessment of changes in Ilung
mechanics and regional lung ventilation distribution
using Electrical Impedance Tomography (EIT) during
prone position mechanical ventilation in patients with
acute respiratory distress syndrome (ARDS). Subjects
and Methods: This was a descriptive observational
study including all ARDS patients indicated for prone
mechanical ventilation and monitored by EIT at the
Center for Critical Care Medicine, Bach Mai Hospital
from May 2024 to September 2025. Measurements of
lung mechanics done by ventilators and TVP, TVROI4,
and the A/P ratio were performed by EIT machines at
specified study time points. Data were analyzed and
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processed using SPSS software. Results: The study
included 17 ARDS patients who underwent prone
positioning with 24 EIT measurements. The mean age
was 51.88 + 22.34 years; 64.7% were male; mean
BMI was 23.31 * 3.92 kg/m2. The most common
comorbidities were hypertension (41.2%) and heart
failure (23.5%). The mean SOFA score was 11.76 +
3.01; APACHE II 21.2 + 5.99; and Lung Injury Score
(LIS) 2.85 + 0.34. Most patients had disease onset >3
days (70.6%); the time from onset to initiation of
prone ventilation was 2.7 + 0.44 days. Before prone
positioning, mean Cstat was 24.06 + 1.68 mL/cmH20;
median Pplat was 25 c¢cmH20; and median driving
pressure was 15.5 cmH20. Arterial blood gas analysis
indicated severe respiratory failure with a mean P/F
ratio of 93.23 £ 22.58; median PaCO2 49 mmHg; pH
7.31; and HCOs- 26.94 mmol/L. EIT demonstrated
heterogeneous ventilation distribution, predominantly
in the anterior lung region (56%) compared to the
posterior region (44%), with an A/P ratio of 1.49.
Ventilation between the left and right lungs was
relatively balanced (48% vs. 52%); however,
ventilation in the most dependent region was
markedly reduced (mean TVROI4 7.5%). After prone
positioning, Cstat increased, while Pplat and Pdriv
decreased;  PaO2/FiO2  improved significantly.
Ventilation distribution became more homogeneous,
as reflected by a reduced A/P ratio and increased
ventilation in the dependent Iung regions.
Conclusion: The lung mechanics and EIT parameters
improve during prone mechanical ventilation in
patients with ARDS.

Keywords: EIT, ARDS, BMI, Lung Injury Score,
Driving Pressure, Plateau Pressure, Compliance.

I. DAT VAN PE

Hoi chitng suy hd hap cép tién trién (ARDS)
la mét trong nhitng thach thic I16n nhat trong
hoi stic tich cuc, ddc trung bdi tdn thucng phdi
lan tda nhung khong dong nhat. Cac nghién ciiu
hinh anh kinh dién cla Gattinoni va cdng su
bang CT scan da chi ra rdng trong ARDS, nhu
md phdi cd thé chia thanh cac viing déng dic,
xep ph€ nang va vung “baby lung” con thong khi
tot [1]. Su phan b6 thong khi khong dong déu
nay khién dong khi khi thd mdy chd yéu tap
trung vao cac vung phdi lanh, dé gay cing gidn
phé nang qua muc trong khi cac vung xep lai
ti€p tuc khong dudc huy dong, tir dé lam tram
trong thém tén thuang phdi do thd may (VILI).

Tu th&€ ndm sdp tu 1au da dugc ching minh
gilp cai thién oxy hdéa mau va gidam t& vong &
bénh nhan ARDS nang [2], nhd vao viéc phan bo
lai thong khi va tugi mau. Tuy nhién, mdc do cai
thién cd su khac biét dang ké gilta cac bénh
nhan, phu thudc vao dic diém Idm sang, mic do
ton thuang phéi va cd hoc hd hap ban dau. Do
do, viéc theo ddi va dinh lugng su thay d6i phan
b6 théng khi trong qua trinh nam sdp co vai tro
quan trong dé ca thé hoda chién lugc diéu tri.

Trong bGi canh dd, ky thuat cdt I6p trd
khang I6ng nguc (Electrical Impedance
Tomography - EIT) ndi Ién nhu mét cdng cu theo
doi hinh anh dong tai giudng, khong xam lan,
cho phép danh gia su phan bd thong khi theo
thoi gian thuc. Nhiéu nghién clru gan day da
chirng minh EIT c6 thé phat hién md hinh phéan
b6 khi khong d6ng nhat, déng thgi ho trg lua
chon mirc PEEP t6i uu va tién lugng dap (ng khi
nam sap. 5

Xuat phat tir thuc tién trén, nghién clu nay
dugc tién hanh nham: Nhan xét su thay déi vé
c6 hoc va phan bd khi viing phdi théng qua ky
thudt cdt I6p tré khang I6ng nguc (EIT) trong
thong khi nhan tao tu’ th& nam sdp & ngudi bénh
6 hdi chitng suy hé hip cap tién trién (ARDS).

Il. DOl TUQONG VA PHUONG PHAP NGHIEN CU'U

2.1. Poi tuogng nghién clru

2.2.1. Tiéu chuén lua chon:

- Bénh nhan trén 16 tudi.

- Bénh nhan dugc chdn dodn ARDS theo
dinh nghia toan cau méi vé ARDS nam 2023.

- Bénh nhan co chi dinh théng khi ndm sap
va dugc theo di bang EIT.

2.2.2. Tiéu chudn loai trur:

- Gia dinh ngugi bénh khéng dong y tham
gia nghién ctru.

- Bénh nhan dugdc thdng khi nhan tao ndm
sap khong du thdi gian nghién ciu

2.2. Théi gian va dia di€m nghién ciru

2.2.1. Thoi gianm. Thang 5/2024 dén thang
9/2025.

2.2.2. Pia diém nghién cdu. Trung tdm
Hoi s(rc tich cuc, Bénh vién Bach Mai.

2.3. Phuaong phap nghién ciru

2.3.1. Thiét ké nghién cuu: Nghién clu
mo ta. 5 .

2.3.2. C6 mau va phuong phap chon mau

Nghién cru thuc hién chon mau toan bo, tat
ca cac bénh nhan thda man tiéu chudn nghién
clru trong thgi gian nghién clru.

2.3.3. Phuong tién nghién cuu

- May do cdt I8p tré khang I6ng nguc tai
Trung tam Hoi surc tich cuc, Bénh vién Bach Mai.

- Hé théng may thd, may khi mau clng cac
hé théng trang thiét bi khac cla Trung tdm Hoi
strc tich cuc, bénh vién Bach Mai.

- May xét nghiém huyét hoc, sinh hoa tai
cac khoa can lam sang bénh vién Bach Mai.

- HO sd bénh &n bénh nhan (Bénh an dién tw).

2.3.4. Bién s6'va chi s6 nghién cuu
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- P3c diém chung bénh nhan: Tudi, gidi,
BMI, Bénh ly nén, Thdi gian khdi phat, Thdi gian
tur khi khdi phat dén khi TKNT nam sap

- Mrc d6 nang clia bénh: SOFA, APACGE II,
LIS

- P4c diém vé cd hoc phdi: Cstat, Pplat,
Pdriv

- Pic diém vé khi mau: pH, pCO2, pO,
HCOs-

- Cac chi sO EIT: TVa, TV, TVRr, TVL, TVroy,
ty 1& A/P.

2.3.5. Phan tich va xir' ly sé'liéu

SG liéu dugc thu thap va phén tich bang
phan mém SPSS 20. Kiém dinh bién chuén bang
test Kolmogorov. Cac bién chudn dugc md ta
dudi dang trung binh va do léch chuén, cac bién
khdng chudn dugc md ta dudi dang trung vi va
IQR. Su khac biét cb y nghia théng ké p < 0,05.

2.3.6. Pao dic nghién ciau

Dé tai dugc théng qua héi dong dao dic
Bénh vién Bach Mai. Tat ca cac bénh nhan dugc
giai thich vé muc dich, néi dung cta nghién ctu.
Cac thong tin, két qua vé bénh nhan dugc gilr bi
mat tuyét d6i chi nham muc dich nghién clu va
phuc vu diéu tri bénh nhan.

I1l. KET QUA NGHIEN cU'U
Bang 1. Bic diém chung cua déi tuong
nghién cuu (N= 17)

Nh3n xét: Diém SOFA va APACHE II véi gia
tri trung binh cao. Béng thdi, cac chi s6 dac hiéu
cta phdi cho thdy nhém bénh nhdn ARDS ndng:
P/F < 100 va LIS. 2,5.

45 41.2

235

235
b 17.6
15 11.8 11.8
10 I I I 59
5
. |
A BTD

TH Suytim  Bénh Suythdn Suygan COPD
mach man
vanh

Biéu dé 1. Bénh ly nén (N= 17)
Nhadn xét: Tang huyét ap chiém ty 1€ cao
nhat. Ti€ép dén la bénh thdn man va xd gan.
COPD chiém ty Ié thap nhat.

70,6%

® Duai 3 ngay

Trén 3 ngay

Biéu db 2. Thoi gian khdi phat (N= 17)
Nhan xét: Phan I16n bénh nhan dugc dua

w -’ 2> ~ o
Bac diem chungll\lh - N ~ [ Ty 18 % vao nghién ctu hodc chan doan & giai doan gitra
om tudi o2 ; ~ . o
<50 6 353 cua benb (tu:,3 d,en 7 ng_ay), trong\ k,hl so lugng
L bénh nhan dén sém (dudi 3 ngay) la it nhat.
51-60 5 29,4 Bing 3. Thoi gian tir khi khdi phét
61- 70 1 3,9 dén khi théng khi ném sdp (N= 17)
Tru:g7 (t))inh 51 88d5:22 34 24 Théng s X 2D Min - Max
GiGi T?:g'} S| 27 | om 17
Nam 11 64,7 Nhdn xét: Khoang thdi gian tir khdi phat
NG 6 35,3 dén khi thuc hién thong khi ndm sap cé su’ dao
BMI ddng dang k& gitra cac bénh nhan.
Nhe can 1 5,8 Bang 4. Bac diém co hoc phéi
Binh thuGng 10 58,8 va oxy hoa mau (N= 24)
Béo phi 6 35,3 n ~ | . Min -
Nh._é‘npxét: Nhém bénh nhan ARDS nguy cd Thongs6 | X + SD [Trung viIQR Max
cao, nhiéu ngudi cao tudi, ty 1& béo phi dang ké. Db gidn nd 2406 +
Bang 2. Mic dé nang cua doéi tuong phdi tinh 1’ 68 6-33
nghién cuu (N= 17) (Cstat) !
Théng s6 [Trung vi (IQR)| Min - Max Ap luc cao 25 24 | 15-39
SOFA 11,76 £ 3,01 6-17 nguyén (Pplat)
APACHE II 21,29+5,99 8-33 Ap luc day vao
LIS 2,85+0,34 2,25-3,25 (Pdriv) 155 |18 | 11-29
Pa02/ FiO2 93,23+22,58 57 - 136,67
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Nh3n xét: DO gidn nd phdi tinh trung binh
thép, ap luc cao nguyén va ap luc ddy ndm
trong gidi han an toan cua chién lugc thong khi
bao vé phdi.

Bang 5. Pdc diém vé khi mau (N= 24)

A ~ | g Trung Min -
Thongsd | X+ SD vi IQR Max
pH TEL 7789
PaO2 (mmHg) - 71,6 |53 |57-110
PaCO2 (mmHg) - 49 |36 33-69
HCOs- 26,94+ ) | 159-
(mmol/L) 6,91 41,71

Nhan xét: Tang nhe PaCO:2 va gidm PaOz2 ro.
Bang 6. Phin bé khi ving phéi (N= 24)

Phanbokhi | . o vi | IQR |XsD
vung phoi

TVA 56 47 -
TVP 44 47 -
TVR 52 42 -
TVL 48 42 -

TVROI4 7,5 10 -

Ty 1€ A/P - 1,49

Nhéan xét: M6 hinh phan bo khi khdng dong
nhat rd rét theo truc trudc-sau, xac nhan bang ty
Ié A/P 16n han 1. Diém dang chu y 1a thdng khi &
vung phu thudc nhat (TVROI4) rat thap. Ngugc
lai, su phan bd khi gilra hai phdi phai va trai
tuong déi can bang.

A 50 B 50+
40- 40
= 304 g 304
=]
= 20 < 209
£ E
2 =
3 10 = 104
&
0- L o T T T2
TO T1 T2
C D 400-
g
~ 30 = 300-
o) g
3 g
E’ 20 ; é é E-'," 200+
= =)
=
= 104 £ 400 i
oO—T—TT— 0-
T ™ T2 TO T T2

Biéu do 3. Thay déi cdc chi sé co hoc
phéi va oxy hod mau trudc, trong va sau
khi nam sap

Nhin xét: Sau khi nam sdp, cac thdng s6
cd hoc phdi cai thién dan véi téng Cstat va giam

Pplat, Pdriv so vdi thai diém ban dau. Dong thdi,
chi s6 PaO2/FiO2 tang ro rét qua cac thgi diém
T1vaT2.

A 100 B 100-
80 80
~ 60 £ 604
=S =
= >
E 40 = 40+
20 204
— 0-—T—T
TO T T2 T0O T1 T2
C 207 D 47
~ 154 3-
9 &
= <
E 10 ';w -
5 1
-1 1 1

o177

TO T T2 TO T1 T2

Biéu do 4. Thay déi phéan bé théng khi
vung phéi trudc, trong va sau khi ndm sap
Nhan xét: Tu thé nam sdp gilp tai phan bé
théng khi tir viing trudc sang viing sau phdi, lam
tang huy dong ving phu thudc. Ty 1€ A/P giam
cho thdy phan b6 théng khi tré nén dong déu

han trong qua trinh nam sap.

IV. BAN LUAN

4.1. Pac diém chung cia nhém nghién
cfiu

Nghién clru bao gém 17 bénh nhdn ARDS
dugc thuc hién 24 lugt théng khi nam sdp co
theo ddi bang EIT. Tudi trung binh 51,88 +
22,34; nam gidi chiém 64,7% (Bang 1). Nhém
trén 50 tubi chiém ty 1& cao (64,7%), phu hgp
vGi ddc diém dich té cta ARDS & nhém trung
nién va cao tudi. K& qua nay tuong dong Vi
nghién cu LUNG SAFE cua Bellani va cong su
(2016) Vi tudi trung binh 60 va nam gidi chiém
64% [3], cho thdy quan thé nghién clu cd tinh
dai dién.

BMI trung binh 23,31 £ 3,92 kg/m?2, trong
dd 35,3% bénh nhan béo phi. Béo phi cd thé lam
giam compliance thanh nguc va tang tinh khong
dong nhat phan bo thong khi. Ty Ié bénh ly nén
cao (82,4%), chd yéu la tang huyét ap va suy
tim (Biéu d6 1), tuong tu bdo cdo cua Grasselli
va cong su (2020) [4]. Cac bénh ddng mac nay
gdp phan lam gidm du tri sinh ly va cd thé anh
hudng dén dap (ng huy ddng phdi.
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Diém SOFA (11,76 + 3,01) va APACHE II
(21,29 £ 5,99) déu & mic cao, phan anh muc
dd bénh ndng va nguy co tir vong dang ké. LIS
trung binh 2,85 = 0,34 cung PaO2/FiO2 93,23 +
22,58 xac dinh phan I6n bénh nhan thudc nhém
ARDS nang theo phan loai Berlin (Bang 2).

Pa s6 bénh nhan nhap vién sau 3 ngay khdi
phét (76,5%) (Bi€u do 2). Thdi gian tir khdi phat
dén khi ndm sdp trung binh 2,7 ngay (1-8 ngay)
(Bang 3), cho thay can thiép chua thuc su sGm
so vdi mot s6 khuyén nghi gan day vé ndm sap
sém & ARDS nang [5].

4.2. Pac diém vé thong sd co hoc phdi
va khi mau

D6 gidn nd phdi trung binh 24,06 + 1,68
mL/cmH20 cho thdy giam compliance ro rét, dac
trung cia ARDS nang. Pplat trung vi 25 cmH20
nam trong gidi han bao vé (<30 cmH20), tuy
nhién driving pressure trung vi 15,5-18 cmH20 &
ngudng cao, godi y nguy cd ton thuang phdi do
thé may néu khong t6i uu chién lugc thong khi
(Bang 4).

PaO2 trung vi 71,6 mmHg va PaO2/FiO2
<100 phan anh thi€u oxy mau ndng. PaCO2 49
mmHg kém pH 7,31 (Bang 5) cho thay toan ho
hdp mic d6 vira vSi bu trr chuyén hdéa mot
phan. Céac ddc diém nay phu hgp véi ARDS giai
doan tién trién cé rdi loan thdéng khi - tudi mau
nghiém trong.

Sau ndm sap, Cstat tdng trong khi Pplat va
Pdriv giam, dong thai PaO2/FiO2 cai thién rd tai
cac thdi diém theo ddi (Bi€u d6 3). Diéu nay cho
thdy tu thé nam sap khdng chi cai thién oxy hoa
mau ma con cai thién sinh cd hoc phéi, lam giam
ap luc cang gidn phé nang va nguy cd VILI.

4.3. Pac diém vé phan bg khi ving phdi
do bang EIT

Trudc nam sap, EIT cho thdy phan bd thong
khi khong déng nhat theo truc trudc-sau: TVA
trung vi 56%, TVP 44%, ty |&é A/P = 1,49. Thong
khi vung phu thuéc nhat (TVROI4) rat thap
(7,5%), phan anh tinh trang xep phé nang hoac
phu phéi ving lung. Trong khi d6, phan bd khi
gilta phdi phai va trai tuong déi can bang (52%
so vGi 48%) (Bang 6), cho thay su khong dong
nhat chl yéu theo truc trudc-sau.

Két qua nay phu hgp véi mo ta cua Gattinoni
vé hién tugng “baby lung” trong ARDS [6], cling
nhu cac nghién clu EIT gan day (Perier 2020
[7]; Scaramuzzo 2023 [8]), trong d6 thong khi
khi ndm nglra tap trung chd yéu & ving khong
phu thudc trong luc.
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Sau khi chuyén sang tu thé ndm sap, ty 1&
A/P gidam, TVA gidm nhe trong khi TVP va
TVROI4 téng (Biéu dd 4). Su tai phan bd nay
ching té huy déng dugc cac don vi phéi ving
phu thudc va lam déng déu phan bd thong khi.
P&y cé thé 1a co ché trung tdm gilp cai thién
compliance va oxy hdéa mau quan sat dugc sau
nam sap.

V. KET LUAN

Cac thong s6 trén EIT cho thady su phan bo
khi ving phdi khdng déng déu & bénh nhén
ARDS va cai thién vé ca hoc phéi khi thuc hién
thong khi nhan tao tu thé nam sap.
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