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Anh hwéng ctia PEEP d6i véi su huy déng phdi, co hoc hd hip va ap lwc ndi so & bénh nhan chan thwong

ndo thé may
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T6ém tat

Co s&: Tac dong sinh ly bénh cia ap lwc dwong
cu0i thi thé ra (PEEP) trén co hoc hé hip, huy
déng phoi va ap luc ndi so (ICP) & bénh nhin
chan thwong so nio cip tinh chwa dwgc lam sang
t6 hoan toan. Muc dich chinh cia nghién cttu nay
la danh gia tac dong cua viéc tang PEEP lén co
hoc hd hép, cic phat hién chup cat 1ép vi tinh
dinh lwong phéi (qCT) va mdi quan hé cta no véi
cac thay d6i ICP. Muc tiéu thir cip bao gom viéc
danh gia méi twong quan gitra cac yéu to khac
nhau (co hoc hé hip va diac diém qCT) véi nhirng
thay ddi cta ICP va cach nhirng yéu t6 nay & thoi
diém ban dau c6 thé du doan dap rng ICP sau khi
murc PEEP cao hon.

Phwong phap: Mot nghién ctu quan sat, tién
ctru bao gobm nhitrng bénh nhan dwoc théd may bi
chan thwong so nio cip tinh can ICP xdm l4n va
nhitng ngwoi da trai qua chup CT phéi hai mirc
PEEP. D6 gidn n& cua hé théng ho hap (Crs), ap
lwc riéng phan déng mach cta carbon dioxide
(PaC0z), ap lwc dong mach trung binh (MAP), di¥
liéu tr qCT va ICP & PEEP 5 va 15 cmH>0.

Két qua: Muoi sau lan kiém tra (CT phéi PEEP
kép va theo doi than kinh) & 15 bénh nhan da
dwoc phan tich. D6 tudi trung binh cta cic bénh
nhan 13 54 tudi (khoang t& phan vi, IQR = 39-65)
va 53% la nam gi&i. Thang diém hon mé Glasgow
(GCS) trung binh khi nhap vién tai don vi cham
s6c dac biét (ICU) la 8 (IQR = 3-12). Huy dong
phé nang trung binh la 2,5% téng trong lwong
phéi (-1,5 dén 4,7). PEEP tlr 5 dén 15 cmH20 lam
tang ICP [gia tri trung vi tir 14,0 (11,2-17,5) 1én
23,5 (19,5-26,8) mmHg, p <0,001, twong ng].
Lwong mo phoi dwoc huy dong trén CT cé twong
quan nghich véi su thay doi (A) trong ICP (rho =
-0,78; p = 0,0006). Ngoai ra, ACrs (rho =-0,77, p
= 0,008), APaCO; (rho = 0,81, p= 0,0003) va
AMAP (rho = -0,64, p = 0,009) c6 twong quan v&i
AICP. Cac Crs duwong co s& khong dw dodn dwoc
phan (rng cta ICP d6i véi PEEP.

Két luin: Cac yéu t6 chinh lién quan dén viéc
tang ICP sau khi ting PEEP bao gbm Crs giam,
MAP thip hon va huy déng phoi, va PaCO; ting,
nhung khong cé yéu té nao trong sé nay cé thé
du doan, tai thoi diém ban dau, dap &ng cta ICP
véi PEEP. D€ danh gia loi ich tiém nang cua viéc
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tang PEEP & bénh nhin chin thwong so nio cap,
cin tinh dén tinh trang huyét dong, co hoc ho
hip va hinh thai phoi.
Gidi thiéu

Mot s6 lwong dang ké bénh nhan bi chin
thwong so nio cip tinh phai thé may (Borsellino
va cong su, 2016) do cd nguyén nhan than kinh
va hé hiap (Della Torre va cong sw, 2017). Muc
dich cda thé may la toi wu hda viéc cung cap oxy
va giam thiéu chin thwong phéi va nio (Frisvold
va cong sw, 2019). Viéc st dung cac chién lwoc
thong khi bao vé phdi di dwoc chirng minh la
lam gidm ty 1& mac va tir vong & hoi chirng suy ho
hap cip (ARDS) va bénh nhin nang khéng ARDS
(Sutherasan va céng sw, 2014; Serpa Neto va
cong sw, 2015; Simonis va cong suw, 2018). Tuy
nhién, cac chién lwoc bao gobm s dung ap lwc
dwong cudi thi thé ra (PEEP) cao da bi thach
thirc & bénh nhan chan thwong nio do lo ngai vé
anh hwdng cta ching déi véi huyét dong nio
(Nemer va codng su, 2011; Borsellino va cong su,
2016; Robba va cong su, 2020), cu thé 1a ap luc
nodi so (ICP). Cac co ché co thé giy ra ting ICP sau
khi 4p dung PEEP bao gom qua cing phé nang
véi sw gia ting ap lwc riéng phin dong mach cda
carbon dioxide (PaCO2), va huyét dong khéng 6n
dinh (Caricato va cong su, 2005; Mascia va cOng
suw, 2005; Nemer va céng su, 2011). Cho dén nay,
tac dong qua lai sinh ly bénh gitra nhirng thay doi
trong noi so, co hoc hé hé hap va huy déong phé
nang van chuwa dwoc 1am sang té hoan toan va
khong c6 khuyén nghi cu thé nao vé mirc PEEP
toi wu dé ap dung cho bénh nhin chin thwong
ndo cip tinh (Robba va cong sw, 2020). Do do,
ching t6i da thuc hién moét nghién cru quan sat
véi muc dich chinh 1a diéu tra tac dong cua hai
mrc PEEP (5 va 15 cmH20) vé co hoc hé hiap,
phat hién chup cit l¢p vi tinh phéi dinh lwong

(qCT) va méi lién hé ctia n6 véi nhirng thay doi
cda ICP & bénh nhin chin thwong nio. Muc tiéu
th& cip bao gom viéc danh gia méi twong quan
gitra cac yéu t6 khac nhau (co hoc ho hap va tinh
nang qCT) véi nhitng thay doi cta ICP va cach
nhirng yéu td nay & thoi diém ban dau cé thé duw
doan phan &ng ICP sau khi mirc PEEP cao hon.
Cu6i cung, chung t6i tim hiéu xem liéu cac céng
cu theo d6i than kinh khong xam 14n c6 thé danh
gid nhirng thay doi cta ICP sau ting mic PEEP
hay khong. Chung t6i da dwa ra gid thuyét rang
anh hwdéng cia mic PEEP 16n hon déi véi ICP
phu thudc vao lwong dich phé nang va co hoc hé
hép.

Phwong phap

Chuing t6i da tuan theo hwéng dan tuyén
b0 “Tang cwong bao cao cac nghién cliru quan sat
trong dich t& hoc (STROBE)” cho c4c nghién ctru
thuan tip quan sat (Bang b6 sung 1) (von Elm va
cong su, 2014). Nghién ctru nay dwoc thuc hién
tai Bénh vién San Martino Policlinico, Genoa, Y,
mot bénh vién dai hoc c6 cac co s& cham soéc
than kinh, tir ngay 1 thang 8 nim 2020 dén ngay
8 thang 3 nam 2021. Nghién ctru da dwoc phé
duyét bdi héi déong danh gid dao dirc “Comitato
Etico Regione Liguria” (giao thirc n. CER Liguria:
23/2020). Theo quy dinh cta dia phwong, sw
dong y bang van ban cua nguwoi than ciia bénh
nhan, vi tit cd bénh nhan déu hén mé tai thoi
diém dwa vao.

Tiéu chi bao gom va loai trir

Tiéu chi dwa vao la bénh nhan nguoi 16n
bi bénh nang cin dit ndi khi quan va théd may
xam lan sau chin thwong ndo cdp tinh (chan
thwong so ndo, TBI; xuit huyét dwédi nhén, SAH;
xuat huyét nodi so, ICH) dwgc dwa vao phong
chdam séc dic biét (ICU), yéu ciu ICP xdm lan va
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cac cong cu giam sat than kinh (Doppler xuyén
so, TCD va dwong kinh vé boc diy than kinh thi
giac, ONSD) va nhitng nguoi da trai qua chup CT
hai 16p PEEP dwa trén chi dinh lam sang véi
PEEP 5 va 15 cmH;0. Tiéu chi loai trir la khéng
c6 s dong y dwoc thong bao; khdng co6 chi dinh
theo doi ICP xam 14n (tc la roi loan dong mau);
khong c6 ctra s thoi gian dé danh gid TCD; nirt
nén so v&i ro ri dich nio tay, hoac chin thwong
méit khi do ONSD; bénh nhan cin méi trudng
twong phan trong khi chup CT vi ly do 1am sang
hodc cé chong chi dinh véi PEEP cao hon (vi duy,
khi phé thiing va tran khi mang phéi khong dan
lwu), hodc dwoc danh gia 1a qua khéng 6n dinh dé
dwoc van chuyén an toan dén co s& CT (vi du,
huyét dong khong 6n dinh, cin dung thudc vin
mach liéu cao, hodc ting ICP cip tinh va khang
tri).

Thu thap dir liéu va quan ly bénh nhan

Dit liéu nhan khau hoc, dich t& hoc va 1am
sang dwoc thu thap tir ho so bénh an dién ti ctia
bénh nhan va dwoc thu thap béi cac bac si dwoc
dao tao vé cham soc quan trong khi nhip vién
ICU va vao ngay khi chup CT PEEP kép duwoc thu
thap. Dt liéu dwoc ghi lai bao gdbm nhan khiu
hoc [tudi, gidi tinh va chi s6 khéi co thé (BMI)],
bénh di kém (hen suyén, bénh h6 hip min tinh,
tang huyét ap, bénh tim man tinh, dai thao
duwong, chan thwong thin man tinh va bénh than
kinh trwéc dd), loai chan thwong nio, tinh trang
théAn kinh khi nhap vién ICU (Thang diém hon mé
Glasgow, GCS), loai theo doi ICP (dan lwu nio
thit trong va ngoai), bién chirng ICU, thoi gian
lru tra ICU (LOS), va Piém két qua Glasgow
(GOS) khi xuat vién ICU. Bénh nhin dwgc an thian
bang propofol va/hodc midazolam va fentanyl,
nham muc tiéu dén thé tich khi Ivu thong 1a 6-8
ml mbi kg trong lwong co thé dw doan (PBW),
nhung sw gia ting dwgc chip nhin dwa trén ap

lwc day. Tan s6 hé hap dwoc chuin do dé duy tri
d6 pH trong khoang 7,35 dén 7,45. Vao ngay
chup CT, dir liéu vé may thé, co hé hap va cac
théng s6 vé khi mau (tirc 1a FiO2, PEEP, ap luc
binh nguyén (Pplat), d6 gian n& hé théng hé hap
(Crs), thé tich khi Iwu théng (Vr), tin sé hd hip
(RR), d6 bao hoa oxy trong dong mach va tinh
mach (Sa0Oz va Sv0z), pH dong mach (pHa), ap
lwc riéng phan cia oxy va CO; (PaO2 va PaCOy)
thu dwoc & PEEP = 5 cmH,0 (T0) va & PEEP = 15
cmH20 (T1). Cac ddu hiéu sinh tén, chiang han
nhw ap lwc dong mach trung binh (MAP) va cac
théng so theo doi than kinh [ICP, ONSD, vin toc
dong chay tam thu, trung binh va tam trwong
(FVs, FVd va FVm)] cling dwoc thu thap & TO va
T1.

Co s& ly luan lam sang cho thir nghiém PEEP

Quyét dinh thwc hién th& nghiém PEEP
dwa trén danh gia cia bac si diéu tri, néu can toi
wu héa thd may. Thir nghiém PEEP dwoc thuc
hién trong théng khi kiém soat thé tich nham
muc tiéu thé tich khi lwu théng 12 6-8 ml mdi
kg/PBW. Cho dén nay, khong cé khuyén nghi
chung nao lién quan dén mic PEEP t6i wu & bénh
nhin chin thwong ndo dwgc thd may xam lan
(Robba va cong sw, 2020). Do dé, tai co s& cda
chung t6i, thir nghiém PEEP dwoc thwc hién dé
tang PEEP tir 5 dén 15 cmH20, danh gia ca co hoc
hd hap va huyét dong ndo. Nhirng gia tri nay
truedc day da dwoc chirng minh la an toan va cé
thé din dén ting oxygen héa nio ma khong lam
tang ICP (Nemer va cong su, 2011). Tuy nhién, vi
mirc PEEP cao hon c6 thé dan dén tinh trang co
hoc hd hap tré nén toi té hon véi cudi cung la
quéa cang phé nang (Mascia va cdng sw, 2005), CT
hai PEEP, khi c6 thé, da tré thanh mot phan trong
danh gia lam sang thwong quy clta ching t6i va
da dwoc thuc hién trong & cic nhom bénh nhan
khac (Ball va céng sw, 2021). Panh gid va tinh
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toan sw trao ddi khi, co hoc h6 hip va chi tiét vé
quy trinh huy dong va phan tich CT hai PEEP
dwoc mo ta trong ESM.

Thu thap va phan tich CT Scan

Hinh anh thu dwoc trong qua trinh nguwng
cuoi thi thé ra & 5 va 15 cmH20. Hai lan quét
dwoc thu thap theo trinh tw, xen ké trong 1-2
phut thé khong gian doan & PEEP 15 cmH20
(Ball va cong suw, 2021). Thoi gian thong khi & 15
cmH20 ctia PEEP nay dwoc ap dung truwdc khi lap
lai chup CT (T1). Vi ly do an toan, khéng c6 thu
thuat huy dong nao dwoc thuc hién.

Phin doan phoi dwgc thwc hién loai trir
dudng thé lon, mach mau va tran dich mang
ph6i. Cic phadn doan dwoc thwc hién bang
ITKSnap (http://www.itksnap.org), phan tich
hinh anh dwoc thuwc hién véi cac tap l1énh Matlab
(Mathworks, MA, USA), dwa trén cac phwong
phap s6 dwoc ap dung réng rai (Malbouisson va
cong sw, 2001). Huy dong phé nang dwgc dinh
nghia la sy khac biét trong ngan khong c6 thong
khi tir PEEP 5-15 cmH20, chia cho tong trong
lwogng phéi & PEEP 1a 5 cmH20 (Gattinoni va
cong su, 2006).

Giam sat than kinh

Cac chi dinh dit ICP xAm lan tuin theo
Huwéng din méi nhit cia TS chirc Chan thwong
Nao (Carney et al., 2016). Phép do siéu am dwoc
thuwc hién b&i mot nhém cac nha diéu hanh cé
kinh nghiém dwoc chon (CR, SN va DB) bang cach
st dung ky thuit kich hoat tiéu chuin héa dé
gidm sy bién thién gitra cic nha diéu hanh. Cac
phép do siéu am dwoc thwc hién sau khi nang
PEEP va sau khi lap lai CT thi hai.

Doppler xuyén so duoc thyc hién hai bén
trén dong mach nio giira (MCA) qua ctra so thai

dwong bang dau do 2 MHz truyén thdng (Philips
SparQ ®) nhw da moé ta trwéc day (Robba va
cong suw, 2017b). Uéc tinh ICP khong xam 14n st
dung TCD (ICP TCD) dwoc thu thip bang cach st
dung cong thirc da dwoc xac thwc truwdc do
(Rasulo va cdng sw, 2017). Kiém tra siéu am
ONSD dwoc thuc hién bang dau do siéu Am tuyén
tinh 7,5 MHz (Philips SparQ ®) st dung cong
suat Am thanh thap nhit c6 thé c6 thé do ONSD.
Pau do dwoc dinh hwéng vudng géc trong mat
phing thang ding va khodng 30° trong mit
phing ngang trén mi mit nhim cua ca hai mat
doi twong & tw thé nam ngira. Gel siéu am dwoc
ap dung trén bé mit cia mdi mi mat, va cac phép
do dwoc thwc hién trén mat phing truc va mit
phang c6 dwong kinh rong nhit cé thé nhin thay
3 mm phia sau vong mac & ca hai mit. Gia tri
ONSD cu6i cung dwoc tinh toan nhw moé ta truwdc
day (Robba va cong su, 2016, 2017a).

Phan tich thong ké

Viéc tinh todn c& mau truéc dé6 khong kha
thi do thiéu dir liéu vé phan tich CT dinh lwong &
bénh nhan chin thwong ndo, nhung c& mau cla
ching t6i twrong tw nhw cac nghién cttu sinh ly
hoc trwéc d6 lién quan dén viéc tang PEEP &
bénh nhan ARDS hodc chin thwong nio (Mascia
et al., 2005; Nemer va cong sw, 2011; Mauri va
cong s, 2016, 2020). Di¥ liéu duoc bao cao duédi
dang trung binh (pham vi lién phén tw, IQR), néu
khong dwoc chi dinh khac. Ching t6i so sanh div
liéu gitta cAc nhodm véi bai kiém tra chinh xac cia
Mann - Whitney U hodc Fisher, néu thich hop.
Cac bién c6 dwoc & hai mirc PEEP dwoc so sanh
véi bai kiém tra xép hang cua Wilcoxon. Sw thay
doi cia cac bién tir PEEP 5 dén PEEP 15 duwoc
tinh bang A (gia tri tai PEEP 15 cmHz0 - gia tri
tai PEEP 5 cmH20). Cac moi twong quan dwoc
tim kiém bang cach str dung Spearman's rho. Mot
phan tich h6i quy tuyén tinh dwgc thwc hién
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bang cach st dung AICP (ICP xAm 14n) lam bién
phu thudc va huy déng phé nang, AMAP, Crs va
PaCO; la cac bién doc lap. La mot phan tich khdm
pha, ching t6i da 1ap md6 hinh AICP nhw mot ham
cua cac hiép bién ding vé mit 1Aam sang bang
cach st dung héi quy tuyén tinh, str dung nguong
hé s6 lam phat phwong sai la 5 nhw mot gi¢i han
c6 thé chip nhin dwoc do6i véi tinh da cong
tuyén. Tat ca cac phan tich thong ké dwoc thuc
hién trong SPSS Statistics, Phién ban 25.0 (IBM
Corp., Armonk, NY, USA). Y nghia dwoc gia dinh &
p <0,05.

Két qua

Pac diém chung

Tong cong c6 16 lan kiém tra (CT dinh
lwong PEEP kép va theo doi than kinh, bao gom
ICP x4m 14n, ONSD va TCD) tir 15 bénh nhin
dwoc dwa vao phan tich (& mot bénh nhan, cac
phép do dwgc thu dwoc hai 14n). Tudi trung binh
ctia bénh nhén 1a 54 tudi (IQR = 39-65); 53,3% la
nam gidi. Sau bénh nhan (40%) dwgc nhan vao la
SAH, sau sau TBI (40%), va ba (20%) sau ICH
(Bang 1). GCS trung binh la tdm (IQR = 3-12);
Theo doi trong nhu md va trong nio that lan lwot
dwoc dwa vao trong bay trueong hop (46,6%) va
tdm (53,3%). Mot bénh nhan tir vong trong ICU
(6,6%) va ICU LOS trung binh la 16 (IQR = 13-
21) ngay.

Anh hwéng ciia viéc ting cwong PEEP d6i voi
co’ hoc ho hap, phat hién CT dinh lwo'ng va ICP

Hinh 1 cho thay hai vi du dai dién vé hinh
anh CT & 5 va 15 cmH20 cia PEEP & hai bénh
nhén c6 dich phé nang thap va cao. Sau khi mirc
PEEP cao hon, oxy toan than [PaOq, tir 96,4 (81-
108) dén 98 (85,4-148) mmHg; p = 0,039], va
PaCO; [tir 40 (36,8-44,9) dén 44 (41,4-48,6)

mmHg; p = 0,034] tang 1én, trong khi Crs trung vi
khong thay doi (Bang 2 va Hinh 2).

Bang 1. Ddc diém ctia bénh nhdn khi nhdp vién
ICU.

Demographics
Gender, male, n (%) 8 (53.3%)
Age [years], median [IQR] 54 [39-65]

BMI [kg/m?], median [IQR] 26.3 [25.5-27.9)

PBW [kg], median [IQR] 68.7 [57-78]
Comorbidities

Respiratory disease, n (%) 3(20)
Cardiovascular disease, n (%) 1(6.6)
Cancer, n (%) 0(0)
Neurologic disorders, r (%) 1 (6.6)
Moderale/severe liver disease, n (%) 1(6.6)
End-stage kidney injury, r (%) 0(0)
Hypertension, n (%) 7 (46.6)
Diabetes mellitus, n (%) 3(20)
ICU characteristics

Reason for ICU admission, n (%)

TBI 6 (40)
SAH 6 (40)
ICH 3(20)
GCS score, median [IQR] 8[3-12)
Type of ICP monitor, n (%)

Bold 7 (46.6)
EVD 8(53.3)
Meed for vasopressors, n (%) 13 (BB.7)
ICU complications

Respiratory failure, n (%) 1(6.8)
Ventilator- associated pneumonia, n (%) 4 (26.6)
Cardiovascular, n (%) 2(13.3)
Acute kidney injury, n (%) 0(0)
Sepsis, n (%) 1 (6.6)
Vasospasm, n (%) 2(13.3)
ICU discharge characteristics

Mortality, r (%) 1(6.6)
GOS, median [IOR] 4 [3-4]
ICU length of stay, median [IQR] 16 [13-21]

IQR, Interquartile range; n, number; BMI, body mass index; PBW, predicted body weight;
ICU, intensive care unit; TBI, traumatic brain injury; SAH, subarachnoid hemorrhage; ICH,
intracranial hemorrhage; GCS, Glasgow Coma Scale; ICF, intracranial pressure; EVD,
external ventricular drain; GOS, Glasgow outcome score.

Tong thé tich phoi dwgc ting 1én sau khi
mirc PEEP cao hon, cling nhw thé tich khi, nhung
khong tang téng trong lwong phéi (Bang 2). Huy
dong phé nang trung binh 1a 2,5% (-1,5-4,7).
Hinh 3 minh hoa sy phén bé tan sé cua cac don
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vi Hounsfield tai 5 va 15 cmH20 ctia PEEP. S gia
tang PEEP tir 5 dén 15 cmH20 dan dén gia tri ICP
xAm l4n trung vi cao hon [14 (11,2-17,5) so v&i
23,5 (19,5-26,8) mmHg, p <0,001; Hinh 2] va ICP
khong xdm 1an dwoc do qua TCD va cac gia tri
ONSD. PEEP cao hon ciing dan dén gidm dang ké
ap lwc twéi mau nao (CPP) [78 (71-81,7) so véi
63 (57,8-74,8) mmHg, p = 0,001; Bang 2].

Hinh 1. Cdc trwong hop dai dién cho hinh dnh CT
& 5va 15 cmHz0 cua PEEP & mét bénh nhdn cé
huy dong phé nang kém (A) va huy dong phé nang
tot (B).

M@i twong quan gitra nhirng thay d6i ctaa cac
bién sd CT dinh lwong, co hoc hoé hap va ICP

Sw thay ddi ctia thé tich phéi va thé tich
khi dwoc danh gia tai phan tich qCT khong twong
quan véi nhirng thay doi ctia ICP (twong ng rho
= 0,05; p = 0,86 va rho = -0,07; p = 0,80). Tuy
nhién, lwrgng mé dwgc huy dong c6 twong quan
nghich véi AICP (rho = -0,78; p = 0,0006). ACrs,
APlateau ap luc, APaCO2 va AMAP c6 twrong quan
dang ké véi AICP (rho = -0,77; p = 0,008; rho
0,54; p = 0,0002; rho = 0,81; p = 0,0003; rho
-0,64; p = 0,009, twrong &ng; Hinh 4).
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dwong mau den dai dién cho dir liéu cta tirng
bénh nhan. PEEP, dp Iwc dwong cudi thi thé ra.
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Hinh 3. Biéu d6 phdn bé thé tich pho6i théng khi &

5va 15 cmH:0 ctua PEEP. PEEP, dp lwc dwong cudi
thi tho ra.
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Bang 2. Cai dat mdy thé, co hoc hé hdp, khi mdu déng mach, phdn tich CT dinh lwong, dir liéu theo déi thdn
kinh va huyét déng trong nhém thudn tdp ctia chiing téi & PEEP = 5 va 15 cmH0.

Parameter PEEP =5 PEEP = 15 ]
(N=16) (N =16)
Ventilator settings and arterial blood gases
Tidal volume, median [IQR], mi/kg PBW 74[6.9-7.9 7.4[69-79) 0.999
Respiratory rate, median [IQR], 1/min 21[18-23) 21[18-22) 0.257
Plateau pressure, median [IQR], cmH,0 21[18-22) 30 [28-34] <0.001
Respiratory system compliance, median [IQR], ml/cmH,0 30 [30-38] 34 [28-41) 0.759
Venous admixture, median [IQR], (%) 25.7 [15.1-32.3) 21.6[15-31.2) 0.717
Ventilation ratio, median [IQR] 1.7[1.5-2) 1.9[1.7-2.2) 0.109
pH, median [IQR] 7.41 [7.36-7.49) 7.45 [7.39-7.48) 0.343
Pa0;, median [IQR), mmHg 96 [81-108) 98 [85-148) 0.039
Sa0;, median [IQR], mmHg 98 [97-100] 99 (97-99) 0.724
PaCO;, median [IQR], mmHg 40 [37-45) 44 [41-49) 0.034
Sv0;,, median [IQR], mmHg 72 [63-78) 75 (68-78) 0.453
Pa0,/Fi0,, median [IQR], mmHg 195 [163-216) 195 [171-296) 0.049
Quantitative computed tomography analysis
Total lung volume (ml) 2,704 [2,360-3,574] 3,334 [2,883-4,228) 0.001
Total lung weight (g) 1,076 [915-1,368] 1,010 (884-1,365) 0.679
Gas volume (ml) 1,693 [1,204-2,292) 2,429 [1,862-2,864) <0.001
Mean attenuation (HU) —601 [-671 -—557] —677 [-724 -—618) 0.001
Hyper-aerated tissue (g) 10 [3-17) 23(14-32) 0.002
Hyper-aerated tissue (% of total lung weight) 0.8[0.3-1.5] 2[1.4-2.3) 0.001
Normally aerated tissue (g) 449 [382-592) 533 [402-655) 0.002
Normally aerated tissue (% of total lung weight) 45 (31.4-54.2) 48 (35-55] 0.008
Poorly aerated tissue (g) 250 [193-307) 199 [167-278) 0.023
Poorly aerated tissue (% of total lung weight) 22.4(16.6-26.1) 19.7 [13.1-21.6) 0.017
Non-aerated tissue (g) 434 [213-563) 344 [189-567) 0.121
Non-aerated tissue (% of total lung weight) 30.1 [25-44.6) 31.2[21.2-39) 0.017
Neuromonitoring
ICP, median [IQR], mmHg 14 [11-17) 23 [19-26) <0.001
CPP, median [IQR], mmHg 78 [71-82) 63 [58-75) 0.001
FVs, median [IQR}, cmv/s 112 [106-121] 97 [65-1186) 0.036
FVd, median [IQR], cm/s 43 [32-51) 19 [15-27) 0.001
FVm, median [IQR], cm/s 65 [59-74) 46 [31-56] 0.001
ONSD, median [IQR], mm 45 [4.1-5.1] 5.8[6.4-6.4) 0.001
ICPrep, median [IQR], mmHg 21[18-25) 33 [31-45) 0.001
Hemodynamics
Mean arterial pressure, median [IQR], mmHg 91 [87-97) 90 [84-24] 0.086

Data are presented as median [IQR, interquartile range]. IQR, interquartile range; Pa0j, arterial partial pressure of oxygen, Sa0s, arterial oxygen saturation; PaCOs,, arterial partial
pressure of carbon dioxide; SvO,, venous saturation of oxygen; PaOa/FiO; (inspired fraction of oxygen); HU: Hounsfield Units; ICF, intracranial pressure; FVs, FVd, FVm, systolic,
diastolic, mean flow velocity; ONSD, optic nerve sheath diameter; ICPrcp, intracranial pressure measured with transcranial Doppler (TCD); CPF, cerebral perfusion pressure.
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Hinh 4. Biéu d6 phin tan cho thidy mdi lién hé tuyén tinh va moi twong quan gitta huy dong phé nang (A),
A d6 gidn né hé thong ho hap (Crs; B), A carbon dioxide (PaCO2; C), A 4p lwc dong mach trung binh (MAP;
D) so véi A ap lwce nodi so (ICP) tai cac thoi diém nghién ciru khac nhau. Cac dwdong chdm biéu thi 95% CI

cho hoi quy tuyén tinh.

Tai phan tich h6i quy tuyén tinh, APaCO>
(hé s6 hoi quy B = 0,96, KTC 95% tir 0,1 dén 1,8,
p = 0,028) va ACrs (B = -0,41, KTC 95% ti
-0,647 dén -0,183, p = 0,02) la chi cac bién déc
1ap lién két véi AICP. Ching téi khong quan sat
thdy mdi twong quan gitra sw gia tang ICP va cac
théng sO sau dwgc danh gid & PEEP 5 cmH:O0:

Crs, CO2, MAP, ONSD, ICP TCD va ICP xam lan (p
> 0,40 trong tit cd cAc moi twong quan véi AICP).

Phan tich méi twong quan gitta cac bién
qCT, co hoc hé hip va ICP khong xam 1an dwoc
woc tinh thong qua TCD va ONSD dworc trinh bay
trong Bang bd sung 2. Mot mdoi twong quan dang
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ké d3 dwgc tim thiy giita nhitng thay doi cta
ONSD va ICP (rho = 0,8096; p = 0,0003), nhwng
khong phai gitta ICP TCD va ICP (Hinh bd sung
1).

Thao luan

Trong mot quin thé bénh nhan dwoc thé
may co hoc bi chdn thwong so ndo cap tinh,
ching t6i nhan thiy rang (1) PEEP tiang tir 5 dén
15 cmH20 c6 thé dan dén gia tri oxygen hoa,
PaCO2 va ICP cao hon, véi huy déong phé nang
chiém 2,5% tong trong lwong phéi.; (2) Tang ICP
v@i PEEP c6 twong quan véi PaCO2z cao hon, huy
déng phé nang giam, gidm Crs va giam MAP; (3)
cac gia tri co ban ctaa Crs, PaCO2, MAP va ICP
khong dw doan cho viéc tang ICP v&i PEEP; va (4)
nhirng thay déi trong ONSD, nhwng khong phai
ICP TCD, c6 lién quan dén nhirng thay doi trong
ICP.

Theo hiéu biét chua chung t6i, diy la
nghién ctru dau tién danh gia dinh lwong sw huy
déng phé nang va sy phin bé cua n6 trong toan
bd phdi & nhitng bénh nhan bi chin thwong so
nio cap tinh dwoc thd may va méi lién quan cta
né véi nhirng thay doi trong ICP va cac thong s6
sinh ly va lam sang chinh.

Nhitng bénh nhan bi chan thwong so ndo
cap tinh c6 chi dinh 1dm sang cho CT nguc, chang
han nhu suy ho hap, va/hoic nghi nge viém phdi
dwoc dwa vao nghién ctru. Piéu nay giai thich tai
sao huy dong phé nang do PEEP giy ra la 2,5%
téng trong lwong phoi, twong tw nhw mot nhom
bénh nhan COVID-19 trwéc do6 (Ball et al., 2021).
Trén thuc té€, & ngwoi khde manh, trong lwong
phéi trung binh la 930 g va thé tich khi 1a 4.000
ml (Cressoni va cong sw, 2013) & bénh nhan
ARDS-COVID-19, trong lwong phéi trung binh 1a
1.500 g va thé tich khi 1a 1.360 ml (Ball et al.,

2021), trong khi trong nhém thuin tip cua
ching t6i vé bénh nhin chin thwong nio cip
tinh, trong lwong phéi trung binh 1a 1,076 g va
thé tich khi 1,693 ml.

Bénh nhin chin thwong nio cip tinh
nhdp vién ICU thwdong phdi thd may va PEEP
thwong hitu ich dé€ hd tro qua trinh oxygen héa,
véi muc dich ddm bdo cung cap oxy dang tin ciy
(Stevens va cong su, 2008; Borsellino va cong su,
2016; Del Sorbo va cong sw, 2017) va giam thiéu
chan thwong phoi. Tuy nhién, thé may va tang ap
lwc trong 16ng nguwce c6 thé giy tac hai 1én ndo do
cac twong tac sinh ly phtrc tap gitta cac khoang
nio va phoi. Viéc t6i wu hoa viéc 4p dung PEEP
trong quin thé ICU néi chung (Sutherasan va
cong sw, 2014; Algera va cong sw, 2020) va cu thé
1a & bénh nhan chan thwong so nio cip tinh van
con nhiéu tranh céi. Gin day, mot danh gia c6 hé
thong vé tai liéu chi tiét 10 bang chirng bén 1é cho
moét chién lwgce thd may cu thé & nhom bénh
nhan nay (Robba va cong sw, 2020), va chi mot
s6 nghién ctru sinh 1y nhé da kham phé tac dong
cia PEEP d6i v&i dong lwc hoc ndi so (Caricato va
cong su, 2005; Nemer va cong su, 2011). Viéc st
dung PEEP cao hon c6 thé din dén cac tac dong
tiéu cuwc vé huyét dong, c6 thé din dén giam MAP
va do do6 la CPP. Tuy nhién, hai nghién ctu nhé
goi y rang ting PEEP chidm va tién trién c6 thé an
toan va cé thé cai thién qua trinh oxygen hda
toan than va nido ma khong c6 nhirng thay doi
dang ké trong ICP va CPP (Huynh et al,
2002;Nemer va cong suw, 2011). Mot co ché sinh
ly bénh quan trong khac la tadc dung cta co hoc
hd hip trén ICP. Caricato va cong suw. (2005)
chirtng minh rang & nhirng bénh nhan c6 Crs thip
(nhitng bénh nhan bi tén thwong pho6i mic do
nang hon va cin PEEP cao hon), viéc 4p dung
PEEP khong cé tac dung quan trong dén huyét
dong ndo va toan than. Tuy nhién, phat hién nay
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khong dwgc xac nhan trong nghién ctru hién tai.
Ching to6i da quan sat thiy méi twong quan gitra
nhitng thay déi trong ICP va sy xiu di cta Crs,
nhuwng gia tri tuyét doi cua Crs & PEEP thap hon
khong dw doan cho viéc tang ICP véi PEEP.
Chung tdi suy doan rang chi riéng Crs do & PEEP
thdp hon cé thé khong xac dinh dwoc nhirng
bénh nhan sé lam tang ICP & PEEP cao hon,
khong nhat thiét phai lién quan dén kha nang
huy dong phdi. Nhirng bénh nhan c6 lwong khi
phdi 1én hon sé cai thién sw phan phéi khi & phéi
ma khong dan dén ting ICP, trong khi nhitng
nguoi khéng huy dong sé bi cing phong qua mirc
cac khu vyc da dwoc thong khi c6 tac dong tiéu
cwc dén khoang chét va c6 thé anh hwdng dén tré
lai tinh mach. Trong mot nghién ctru tién ciru védi
12 bénh nhén bi chin thwong so nio, khi PEEP 5
va 10 cmH20 cta dwoc 4p dung ngiu nhién,
nhitng bénh nhan dwoc xac dinh la ngwoi huy
dong da tang Crs va PaOy, trong khi & nhitng
ngudi khong huy dong Crs giam va PaCO; tang.
Hon nira, ICP va do biao hoa tinh mach canh
khong do6i & nhirng ngwdi huy dong nhwng tang
dang ké & nhitng ngwdi khong huy dong, cho
thdy moi twong quan dang ké giira nhitng thay
déi trong ICP, do gidn né va PaCO..

Diéu nay cho thay rang PEEP chi c6 thé c6
tac dong bat lgi 1én ICP khi né giy ra siéu cing
phong phé nang dian dén ting dang ké PaCO,,
trong khi PEEP din dén viéc huy dong phé nang
tot thi ICP khong thay doi.

Két qua clia ching tdi va cac bang chirng
trwdc day cho thiy rang viéc danh gia chinh xac
co hoc hd hip va diéu chinh trao doi khi cé thé cé
tam quan trong 1én trong viéc danh gia huy dong.
Cac nghién ctru so sanh da chi ra rang phwong
phap duy nhit c6 thé dé danh gid s6 lwong mo
phéi xep dang hoi phuc 1a chup CT (Gattinoni va

cong sw, 2017), do d6 lam cho nghién cttu cta
ching t6i tr& nén doc dao trong viéc mo ta tac
dong sinh ly bénh cta PEEP trén khoang néi so,
dwa trén cac dic diém vé hinh thai phéi. Két qua
cda chung t6i cho thiy & bénh nhan chin thwong
so nido cip PaCO: ting va gidm CPP va Crs v&i
PEEP la nhitng yéu t6 chinh lién quan dén viéc
tang ICP. Trén thuc té, cac co ché tiém nang lién
quan dén su gia tang ICP tong thé dwoc quan sat
trong nhom thuan tip cta chdng toi cé thé lién
quan dén viéc ting PaCO; va gidm CPP. Tuy
nhién, vi MAP khong thay ddi, co ché th hai nay
c6 thé lién quan dén viéc gidm do gidn nd nodi so
do tw thé ndm ngtra, do d6 c6 thé lam gidm dong
chay tinh mach hinh nén.

Chung tdi cling chirng minh rang s6 lwong
phé nang la yéu t6 quyét dinh quan trong déi vdi
nhitng thay ddi trong ICP, do d6 cho thiy rang &
nhirng bénh nhin dap ng t6t v&i huy dong phé
nang, diéu nay din dén cai thién Crs ma khong
anh hwdng dén tinh trang huyét dong va khong
giy cing phong phé nang & bénh nhén va do do.
tang PaCOg, ting PEEP c6 thé an toan.

N6i chung, cic nguyén tic vé an toan va
chuin d6 PEEP & bénh nhan chin thwong so nio
cip tinh dwong nhw khong khac nhiéu so véi cac
nguyén tic dwgc 4p dung trong quan thé ICU néi
chung va cén tinh dén tinh trang huyét dong, co
hoc hé hap va két qua CT ctia bénh nhan (Ball et
nam 2021). That vy, mot sw déng thuin cta cac
chuyén gia gin day (Robba va céng sw, 2020) cho
rang & nhirng bénh nhan bi chidn thwong nio,
mirc PEEP phai giong nhw d6i véi dan sé bi bénh
ndng noéi chung. Twong tw, mot cudc khao sat ctia
Hiép hoi Chiam séc Chuyén sau Chau Au
(Stocchetti va cong suw, 2014) va mot nghién ctru
da trung tdm l&n gin day (Tejerina va cOng su,
2021) goi y rang mirc PEEP vira phdi-cao hién
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dang la mot phan trong thwc hanh 14m sang cta
cac bac si cham soc than kinh.

Cubi cung, ching t6i da kham pha vai tro
tiém nang cua cac phwong phap ICP khong xam
14n d6i v&i viéc danh gia nhirng thay doéi ctia ICP
sau khi ap dung PEEP. Ching t6i khong tim thiy
mdi twong quan ding ké nao gitta cic phwong
phap khong xam 1an va dit liéu qCT hodc co hoc
ho hap. Diéu nay cho thiy phwong phap ICP xam
14n nén luén dwoc coi la tiéu chuin vang dé danh
gid huyét dong hoc ndo (Robba va cdng su,
2015). Tuy nhién, nhitng thay do6i trong ONSD
dwong nhw twong quan véi nhirng thay doi trong
ICP, do d6 lam cho céng cu nay tré thanh mot
phwong phiap diy hita hen dé danh gid dau
giworng vé cac thay ddi noi so khi ICP khong cé
sdn hoac chéng chi dinh (Robba va cong su,
2018).

Cé mot s6 han ché trong nghién ctiru cua
chung téi dang dwoc dé cip. Thir nhat, kich
thwéc mau nhé, mic du twong tw nhw cac nghién
cttu sinh ly hoc trwéc day kham pha anh huéng
cia PEEP d6i v&i sw huy dong phdi (Mascia va
cong su, 2005; Nemer va cong suw, 2011; Mauri va
cong su, 2016, 2020).

Thit hai, tai trung tam cta chung t6i, chup
CT véi PEEP kép dwoc thuc hién thwong quy &
mot s0 bénh nhan dwoc chon 1a bénh nhin chian
thwong nido cap tinh, nhwng chi khi CT dwoc chi
dinh 1dm sang va bénh nhan du 6n dinh. Do d6,
cac bénh nhan bi &nh hwdng bdi cac ton thwong
ndo c6 ban chat khac nhau va khong dong nhat
nhuw cac bénh di kém va tén thwong phdi.

Thi ba, ching ta khong thé loai trir rang
cai dit may thé khac nhau c6 thé dan dén két qua

khac nhau (Gattinoni va cong sw, 2006). Tuy
nhién, chung t6i da tiéu chuin hoa cai dit may
thé co hoc, danh gia co hoc hé hip va do khi mau
dong mach. Ngoai ra, ching t6i da sit dung mot
thoi gian twong ddi ngan dé phoi nhiém PEEP
cao truéc khi 1ap lai CT. Tuy nhién, cdc nghién
ctru cho thdy rang hau hét cac thay d6i vé thé tich
va huy dong xay ra trong khung thoi gian nay va
hau hét cac don vi ho hidp dwgc huy dong dwdi
30 cmH20 (Katz va cdng suw, 1981; Crotti va cOng
sw, 2001). Trén thwc té, chung toi cé thé phat
hién ra hiéu &ng huy dong ro rang & mot s6 bénh
nhan. Ngoai ra, nhiéu dir liéu va chi tiét hon lién
quan dén huyét dong hoc va hoat déng cua tim sé
bé sung thém nhirng hiéu biét sdu sic hon vé dnh
hwdng cua PEEP d6i v&i chirc nang tim; tuy
nhién, that khong may, ching t6i khong thuc
hién thwdong xuyén trong siéu am tim tai vién
hodc danh gia lru lvong dong mach canh trong
thoi gian thir thach PEEP. Cudi cung, bénh nhan
& tw thé nam ngtra trong khi CT, va diéu nay co
thé dan dén tang ICP bat ké viéc thuc hién PEEP.

Két luan

CT dinh lwong cé thé gidp danh gia kha
nang huy dong cua phoi va anh hwdng cla cac
m&rc PEEP khac nhau d6i véi ICP. Cac yéu to
chinh lién quan dén viéc ting ICP sau khi ting
PEEP bao gom Crs xau di, gidm MAP, gidm huy
dong phdi va tang PaCO». Loi ich tiém nidng cua
viéc ting PEEP & bénh nhin chin thwong nio
cip tinh cin tinh dén tinh trang huyét dong, ho
hap. co hoc va hinh thai phoi ctia bénh nhan. Can
c6 cac nghién cru sdu hon dé danh gid anh
hwdng cia PEEP d6i véi ICP va viéc ap dung cac
phwong phap ICP khéng xam 14n trong bdi canh
nay.
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