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ABSTRACT

Objective: To evaluate the changes in regional lung ventilation distribution, as measured
by Electrical Impedance Tomography (EIT), and its associated factors in patients with Acute
Respiratory Distress Syndrome (ARDS) undergoing prone ventilation.

Subjects and Methods: This descriptive study included a total of 24 patients with severe ARDS
who received prone mechanical ventilation and EIT monitoring at the Center for Critical Care
Medicine, Bach Mai Hospital, from May 2024 to September 2025. EIT measurements of posterior
tidal ventilation (TVP), ventilation in the most dependent lung region (TVROI4), and the anterior-to-
posterior ventilation ratio (A/P) were recorded at predefined time points. Data were analyzed using
SPSS software.

Results: The study was conducted on 24 patients with ARDS (62.5% male) with a mean age of 55.1
+ 21.3 years. The mean SOFA score was 11.42 + 3.02, mean APACHE Il score was 21.25 * 5.51,
and mean LIS was 2.83 = 0.37. Patients had severe ARDS with an initial mean PaO,/FiO, ratio of
only 97.97 £ 25.32 and a very low mean static compliance (Cstat) of 22.76 = 8.19 mL/cmH,0. At
baseline, EIT showed heterogeneous ventilation distribution, predominating in the anterior regions
(TVA 56%) compared to the posterior regions (TVP 44%), with a mean A/P ratio of 1.49. After 16
hours of prone positioning, ventilation was significantly redistributed, with TVP increased from 44%
to 47.5% (p < 0.05) and the A/P ratio decreased from 1.49 to 1.04 (p < 0.05), indicating improved
homogeneity of ventilation, while the Right/Left distribution remained stable. 17 out of 24 patients
(70.8%) responded to prone ventilation. Those with initially heterogeneous ventilation distribution
(A/P > 1 or reduced ventilation in the dorsal regions) had a higher response rate (87.5%).

Conclusion: In patients with severe ARDS undergoing prone ventilation, EIT demonstrated an
initially heterogeneous ventilation distribution that improved over time with prone positioning.
Ventilation distribution patterns assessed by EIT were associated with changes in oxygenation
following prone ventilation; however, further studies with control groups and more robust study
designs are required to evaluate the prognostic value of EIT.
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TOM TAT
Muc tiéu: Danh gia sy thay déi phan b6 khi viing phdi do bang cat (6p trd khang long nguc (EIT
- Electrical Impedance Tomography) & bénh nhan cé hoi chirng suy hé hap céap tién trién (ARDS -
Acute Respiratory Distress syndrome) dugc théng khi ndm s&p.

Pa&i twong va phuwong phap nghién ciru: Nghién ciru mé ta, chon mau toan b6, 24 bé&nh nhan
ARDS nang dugc thdng khi nhan tao ndm sap va do EIT tai Trung tdm Hoi stic tich cuc — B&nh vién
Bach Mai tirthang 5 nam 2024 dén thang 9 nam 2025. Thuc hién do céc théng s6 TVP, TVROI4, ty &
A/P bang EIT tai c4c thdi diém nghién ctu. Phan tich va xr ly s6 liéu bang phan mém SPSS.

Két qua: Nghién clu dugc thuc hién trén 24 bénh nhan ARDS (62,5% nam) vé6i dé tudi trung binh
(4 55,1 = 21,3. Diém SOFA trung binh & 11,42 = 3,02, APACHE Il trung binh & 21,25 + 5,51, va LIS
trung binh la 2,83 = 0,37. B&nh nhan ARDS nang vdi chi s& Pa0,/FiO, ban dau trung binh chi 97,97
+ 25,32 va Cstat trung binh rat thap (a4 22,76 + 8,19 mL/cmH,0. Tai thdi diém ban dau, EIT ghi nhan
phan bo théng khi khdng dong nhat, wu thé vung trude (TVA 56%) so vdi viing sau (TVP 44%), vdi ty 1&
A/P trung binh 1,49. Sau 16 gid ndm sap, thong khi tai phan b6 rd rét véi TVP tang tir 44% |&n 47,5%
(p < 0,05), ty & A/P giam tir 1,49 xuéng 1,04 (p < 0,05), cho thay su déng nhat théng khi dugc cai
thién, trong khi phan bé Phai/Trai van 6n dinh. Cé 17/24 bénh nhan (70,8%) déap Gng véSi thong khi
nam s&p. Nhitng ngudi cé phan bd khi ban dau khéng déng nhat (A/P > 1 hodc gidm théng khi ving
day) co ty lé dap Ung cao hon (87,5%).

K&t luan: EIT cho thay phan b8 théng khi ban dau khéng dong nhat va caithién rd sau théng khinam
sap & bénh nhan ARDS.

Tr khéa: EIT, ARDS, Tén thuong phdi LIS, Driving pressure, Plateau pressure, Compliance.

1. DAT VAN PE

Hoi ching suy hé hap cap tién trién (ARDS) dac trung
bdi tinh trang tdn thuong phéi khdng dong nhat, dan dén
mot nghich ly trong théng khi nhan tao: phan bé khi cé xu
hudng di vao céc vung phéi lanh lan phia trude, gay cang
gidn qué murc, trong khi cac ving phéi bi xep & phia sau
lai khong dugc huy dong. Tinh trang phan bd khi khong
doéng nhat nay (a tién dé chinh dan dén t6n thuong phdi
do thd may (VILI). Viéc xac dinh sém nhitng bénh nhan cé
nguy cad cao vé tinh trang nay va theo déi hiéu qua clia cac
can thiép nham tai lap sy dong nhat la mét muc tiéu quan
trong trong hoi strc tich cuc.

Théng khi tu' thé ndm sap la mét can thiép gitp cai thién
ty l& séng, v&i co ché& chinh la huy déng céac phé nang bi

*Tac gia lien hé

xep & vung lung [1]. Tuy nhién, hiéu qua clia can thiép nay
c6 thé khac nhau giita cdc bénh nhan, va viéc danh gia
hiéu qua clia can thiép nay chd yéu dua vao céac chi s6
toan phdi nhu PaO,/FiO, von khong phan anh truc tiép
su' thay déi phan bé théng khi theo vung. Ky thuat cat l&p
trd khang dién (EIT) la mot cong cu khdong xam L&n, cho
phép quan sat su phan b8 théng khi cac vung phdi theo
thai gian thuc, cling nhu theo ddi nhirng thay déi khi diéu
chinh tu th& ndm sap hodc cac théng s6 thd may, tir dé
gilip t6i uu hoa chién luge thdng khi va ca nhan héa diéu
tri & bénh nhan ARDS nang. Tuy nhién tai Viét Nam, cac
nghién cttu ’ng dung EIT trong theo d6i théng khi nam sap
& bénh nhan ARDS con rat han ché. Xuat phat tir thuc tién
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do, nghién clu nay dugc thuc hién véi muc tiéu: Banh
gia sy thay ddi phan bé khi vung phéi do bang cat l&p tré
khéng l6ng nguc (EIT) & bénh nhan cé hoi ching suy ho
hap c&p tién trién dugc théng khi nam sap.

2. POI TWQNG VA PHUONG PHAP NGHIEN cU'U
2.1. Déi twgng nghién ciru

Tiéu chuén lua chon:

Bé&nh nhan trén 16 tudi.

Bénh nhan dugc chan doan ARDS theo dinh nghia toan
cau maivé ARDS ndm 2023[2].

+ Khdi phat cép tinh trong vong 1 tuén

+ Hinh anh md& lan téa trén Xquang hodc CT, hodc siéu &am
phdi khdng giai thich dugc bdi tinh trang tran dich, nét,
xep phdi.

+SpO,/Fi0,< 315 vdi SpO, 97%

+Chialam 3 murc dé: Nhe (PaO,/FiO, ttr201 -300vdi NIV/CPAP
hodc HFNO > 30 lit/pht), Vira (PaO,/FiO, tir 101 -200 vai PEEP
>5cmH,0), Nang (PaO,/FiO, < 100 vgi PEEP > 5 cmH,0)

Bénh nhan dugc thong khi nhan tao xam nhép, cé chidinh
théng khi ndm sép va dugc theo déi bang EIT.

Tiéu chuén loai trir

Bénh nhan khéng du thai gian nghién clu.

Bénh nhan co6 chdéng chi dinh EIT nhu: dat may tao nhip,
céc thiét bi dién tlr, chan thuong ldng nguc, tén thuong da
vung nguc...

Thoi gian va dia diém nghién ctu

Thoi gian: Thang 5/2024 dén thang 9/2025

Dia diém nghién ctru: Trung tam H®i surc tich cuc, Bénh vién
Bach Mai

2.2. Phuong phap nghién ctvu

Thiét k& nghién ctru: Nghién ciru mé ta, hoi clru.

C6& méau va phuong phap chon méu

Nghién cttu thuc hién chon mAu toan bé, tat ca cac bénh
nhan théa man tiéu chuén nghién clru trong thoi gian
nghién ciu.

Phuong tién nghién cdu

May do cat l&p trd khang l6ng nguc tai Trung tdm Hoi strc
tich cuc, Bénh vién Bach Mai.

Hé thdong may thd, may khi mau cung cac hé théng trang
thiét bi khac cua Trung tdm Hoi siic tich cuc, bénh vién
Bach Mai.

May xét nghiém huyét hoc, sinh hoa tai cac khoa céan ld&m
sang bénh vién Bach Mai.

H6 sg bénh an bénh nhan (Bénh an dién tl)

Bién s6 va chi s6 nghién cttu

Dac diém chung bénh nhan: Tudi, gigi, BMI, Mlc d6 nang
clia bénh.

Phan b6 khivung phéi theo thai gian nghién citu: Ty 18 thong
khi cac vung phdi trude (TVA), ving phéi sau (TVP), ving
phdi phai (TVR), vung phai trai (TVL), ty l& thdng khiviing phu

thuéc nhat (TVROI4), ty s8 gitra thdng khi vung phéi trudc va
sau (A/P), Ty l& bénh nhan dap ting thong khi nam sap.

Po céc théng s6 EIT tai cac thoi diém trudc khi ndm sap, sau
khindm s&p 1 gid, 2 gid, 4 giv, 6 giv, 8 giv, 10 giv, 12 giv, 14 gio,
16 gi'va sau khi bénh nhan ndm nglra tré lai 2 gid, 4 gid, 6 gid.
Tiéu chuédn bién
+Giamthongkhivung phdisau: TVP ban dau giam dudi50%
+ Giam thong khi vung phu thudc nhat: TVROI4 dudi 5%

+ Phan b6 théng khi khdng dong nhét: ty l& A/P khac 1
+D4ap ng voi théng khi ndm s&p: tang = 20 mmHg & chi s8
Pa0,/FiO, sau khi bénh nhan ndm sap khoang 6 gid so véi
trudc khi chuyén tu' thé.

2.3. Phantich va xtr ly sé liéu

Sé liéu dugc thu thap va phan tich bidng phan mém SPSS
20. Kiém dinh bién chuén bang test Kolmogorov. Cac bién
chuén dugc mé ta dudi dang trung binh va dé léch chuén,
cac bién khéng chuin dugc mé ta dudi dang trung vi va
IQR. Su khac biét c6 y nghia théng ké p < 0,05. Kiém dinh
Wilcoxon va kiém dinh Chi-square/ Fisher.

2.4. Pao durc nghién cru

Deé tai dugc thong qua hoi dong dao dirc Bénh vién Bach
Mai. T4t ca cac bénh nhan dugc giai thich vé muc dich, néi
dung clia nghién clru. Cac thong tin, két qua vé bénh nhan
dudgc gilr bi mat tuyét déi chi nhdm muc dich nghién ciiu
va phuc vu diéu tri bénh nhan.

3. KET QUA NGHIEN CcUU
Bang 1. Dac diém chung cua déi tuong nghién ciru

Pac diém chung | N Ty lé %
Nhém tubi
<50 7 29,17
51-60 7 29,17
61-70 2 8,33
>70 8 33,33
Trung binh 55,1+21,31
Gioi
Nam 15 62,5
N 9 37,5
BMI
Nhe can 1 4,2
Binh thuong 14 58,3
Béo phi 9 37,5

Nh&n xét: Nhém bénh nhan ARDS nguy cd cao, nhiéu
ngudi cao tudi, ty & béo phi dang ké.
Bang 2. Mirc dé nang cta déi twong nghién cliru

Théng sé X+SD Min - Max
SOFA 11,42 + 3,02 6-17
APACHE II 21,25+5,51 8-33
5 Crossrefd 255
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Théng sé X +SD Min - Max
LIS 2,83+0,37 2,25-3,25
Compliance 22,76 8,19 1,2-35
PaO,/FiO, 97.9725,32 57-154

Nhéan xét: Cac thang diém toan than (SOFA, APACHE II)
déu & murc rat cao. Ddng thoi, cac chi s dac hiéu cho ARDS
nang nhu: P/F <100, LIS > 2,5 va dac diém sinh ly bénh dién
hinh la “phdi ciing” (Cstat rat thap 1,2 ml/cmH,0).

Biéu db6 1. Thay ddi thdng khi viing phdi sau

Thay déi théng khi viing phéi (TVP)
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Nhén xét: TVP tang l&én mét cach rd rét sau 16h ndm sap,
trung vi tir 44% lén dén 47,5 % (p< 0,05) va dugc duy tri
ngay ca khi ndm nglra trd lai. Cho thay huy déng phé nang
can mot qua trinh dé tich Ly va co hiéu qua kéo dai.

Biéu db 2. Thay d&i théng khi viing phu thudc nhat

Thay dai thong khi viing phu thuéc nhat (TVROI4)
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Nhén xét: TVROI4 B4t dau ti murc trung vi thap, chi s nay
tadng dan trong qua trinh ndm séap, dat dinh 10%. Quan
trong hon, hiéu qua nay dugc duy tri sau khi ndm ngtra,
khi TVROI4 van & muc cao (khoang 9-9,5%).
Biéu d6 3. Dién bién ty s6 A/P
Dién bién ty s6 A/P
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Nhan xét: Ty & A/P giam tir mlrc cao xudng gan ngudng
ly tudng la 1 sau 16 gio. Quan trong la, hiéu qua nay dugc
kéo dai ngay ca sau khi ndm ngira, khi ty & A/P van & muc
th&p hon dang ké so vdi ban dau.

256

Biéu d6 4. Thay déi ty lé TVR/ TVL

Bi€u d6 duong xu huong (Mean + SD) 50 v6i méc 1
16 o
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——- Méc 50 sanh

Nha&n xét: Biu do cho thay tuthé ndm sap da diéu chinh

nhanh chéng sy mat can bang nhe ban dau gitra hai phéi

(tr 1,17 vé 1,0). Quan trong hon, sy can bang nay dudc

duy tri rat 6n dinh trong suét qua trinh theo déi, ké ca sau

khi bénh nhan da dugc lat nglra trd lai.

Biéu db 5. Ty l& bénh nhan dap &ng véi thong khi ndm sap
Ty lé bénh nhan dap (ing nam sap

N=24

Khong (29.2%)

Co (70.8%)

Nhan xét: Biu do cho thay théng khi tu thé nam sép cé

hiéu qua trén phan l&n bénh nhan trong nhém nghién clu.

Bang 3. Ty L& bénh nhan dap ’ng ndm sap véi nhém théng
khi vuing ph8i sau TVP, nhém giam TVROI4 va ty & A/P

Pap &’ng nam sap
Téng

Khéng co

Théng khi vung phéi sau
TV,0 gigm 2(12,5%) | 14(87,5%) | 16 (100%)
TV,0 tang 5(62,5%) | 3(37,5%) | 8(100%)
Téng 7(29,2%) | 17(70,8%) | 24 (100%)

Thong khi vung phu thudc nhat
TV, gidm du6i5% | 1(25%) 3(75%) | 4(100%)
TV, trén 5% 6 (30%) 14 (70%) | 20 (100%)
Téng 7(29,2%) | 17 (70,8%) | 24 (100%)
Ty 16 A/P

Ty 16 A/P dui 1 4(57,1%) | 3(42,9%) | 7(100%)
Tyl A/Ptrén1 | 3(18,75%) | 14 (81,25%) | 17 (100%)
T6ng 7(29,2%) | 17(70,8%) | 24 (100%)

Nhan xét: Nhém bénh nhan dap (‘ng ndm sap chuiyéu cé
giam thong khi viing phdi sau va ty 1& A/P l&n han 1. Ty &
dap &ng ndm sap cao & ca hai nhém, du TVROI4 ban dau
rat thap hay chi thap vira phai.
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4. BAN LUAN

4.1. Dac diém chung cta bénh nhan nghién ctru va mai
twong quan

K&t qua nghién ctru cho thdy nhém bénh nhan dugc khao
sat la nhirng truong hap ARDS nang c6 nhiéu yéu t6 nguy
cd nhu tudi cao, tudi trung binh 14 55,1 = 21,3, BMI trung
binh la 23,15 = 3,54 kg/mz, véi 37,5% bénh nhan duogc
phan loai béo phi (Bang 1) va mic do suy da co quan cao
vG@i diém SOFA trung binh 11,42 = 3,02, APACHE Il trung
binh 21,25 + 5,51. Diéu nay phan 4nh quan thé nghién
clu co tién lugng ndng, can cac bién phap hoé trg hd hap
tich cuc va chién lugc diéu trj t8i uu hda chirc ndng phéi.
Céc chi s8 sinh ly hoc cho thdy dac trung tinh trang phdi
clrng, giam gian nd dugc thé hién ré qua chi sé Cstat trung
binh rat thap, chi 22,76 = 8,19 mL/cmH,0 va PaO2/FiO2
97.97+25,32 dong thai LIS > 2 (Bang 2) khéng dinh chan
doan ARDS murc d6 nang.

K&t qua tuwong dong véi nghién cliru quéc t& LUNG SAFE
(Jama, 2016) [3] kh&ng dinh tinh dai dién ctia nhém bénh
nhén. Cac két qua nay phu hgp véi nghién clru mdi nhat
cla Franchineau va cong su (2024) [4] clng dé cap dén
nhitng bénh nhan cé BMI cao va Cstat thap thudng c6 tinh
trang mat déng nhat théng khi phéi ban dau han, nhung
lai c6 kha nang cai thién tot hon vé oxy hoa va huy dong
phéi t8t hon khi ndm sap.

Thay d&i phan bé khi ving phai.

Sau 16 gid nam sap, nghién cttu da chitng minh hiéu qua
rd rét chia théng khi ndm sép trong viéc tai phan b6 va
dong nhat thong khi. Ty & théng khiviing sau (TVP) da tang
c6 y nghia théng ké, tlr trung vi 44% &n 47,5% (p < 0,05)
(Biéu dd 1) cho thay phé& nang vung lung dugc huy déng tur
tlf, khéng chi trong giai doan sdm ma con dudc duy tri 8n
dinh ngay ca khi bénh nhan trd lai tu thé ndm nglra.

Dang chuy, sy huy déng & vung phu thudc nhat (TVROI4)
b4t dau sém hon, tir gio th( 6 (Bidu db 2), dat dinh khoang
10% va van duy tri & mdic cao sau khi ndm nglra. Day 1
minh chirng cho thay su'tdi phan b8 théng khi tirviing phéi
it sang vuing bi xep, gilp cai thién trao ddi khi toan phai.

Hé qua la, ty & A/P da gidam an tugng tir 1,49 xuéng 1,04 (p
<0,05) (Bi€u d6 3) va van thap hon dang ké so véi ban dau
sau khi trd lai tu thé ndm ngtra. Digu nay khang dinh tu' thé
n&m sap gilp phan bd théng khi déng déu hon gilra vung
trudc va vung sau, cho thay su tai lap can bang théng khi.
Théng khi giita phéi phai va phéi trai dudc diéu chinh
nhanh chong tir 1,17 xudng 1,0 va duy tri 6n dinh trong
suét qua trinh theo déi (Biéu d6 4), chitng td tu thé nam
sdp khéng gay mat can bang gitra hai phdi ma con giup
can bang phan b6 théng khi toan bd phéi.

Piém nhan quan trong va c6 gia tri trong nghién cu 1a
da lién két dugc nhirng thay déi trén EIT véi dap ¢ng lam
sang. V4i 70,8% bénh nhan dap (ng véi théng khindm sép
(Bi€u d6 5) khang dinh hiéu qua cao ctia phuong phap nay
trong nhém ARDS nang. Chung téi phat hién mét nghich ly
céynghia, nhirtng bénh nhan cé phan bé khi ban dau cang
x&u (giam théng khi viing phéi sau, ty l& A/P > 1) thi lai c6
kha nang dap &ng t6t vdi thdng khi nam sép (ty & dap ung
87,5%). Trong khi d6, ty |& d4p i'ng nam s&p v&i ca 2 nhém

TVROI4 rat thap va thap vira phai cao tuong duong nhau
cho thay chi riéng gia tri TVROI4 khéng cé gid tri phan loai
tuong tu (Bang 3).

K&t quéa clia chung tbi twong dong véi nghién clru cua
Dilken et al (2023) [5] cling da chi ra rAng cac chi s EIT do
tai thoi diém ban dau A mét yéu td du bdo sém cho su cai
thién oxy héa mau khi ndm sap. Ciing tuong tu vdi quan
diém clia Mauri va céng sy (2025) [6] cling nhdn manh vai
tro clia EIT trong viéc phan loai céc kiéu hinh sinh ly khac
nhau cua ARDS.

Han ché& clia nghién ctu nay la c& mau nho, nghién cliu
don trung tdm c6 thé anh hudng dén két qua ciia mot vai
phén tich. Tuy nhién, cac két qua chinh co y nghia thong
ké rd rang va rat nhat quan vdiy van quoc té.

5. KET LUAN

EIT gitp phat hién sém tinh trang phan b6 khi khéng dong
nhat, theo d6i sy tai phan bé thong khi theo thoi gian va
xac dinh bénh nhan cé kha nang dap ng tét vdi tu thé
ndm sap. Nho do, EIT hd trg t6i uwu hda chién lugc thong
khi va cé thé héa diéu tri.
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