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Tém tat
Muc dich

Chiing tbi gid thuyét rang cic nguyén nhan lién
quan dén may thé giy ton thwong phoi cé thé
duwgc théng nhit trong mot bién s6 duy nhit:
nang luwong co hoc. Chung té6i da danh gia xem
liéu nang lwong co hoc dwoc do bang cac vong ap
luc - thé tich c6 thé dwoc tinh toan tir cdc thanh
phan ctia né: thé tich khi lwu théng (TV)/ap luc
day (APaw), lwu lwong, ap lwc dwong cudi thi thé
ra (PEEP) va tin s6 hé hip (RR). Néu vay, c6 thé
wéc tinh dwoc déng gép twong ddi cia mdi bién
vao nang lwong co hoc.

Phwong phap

Chung t6i tinh ning lvong co hoc bang cach nhan
tirng thanh phin cta phwong trinh chuyén dong
véi s bién thién cha thé tich va RR (xem box bén
dwdi) trong d6 AV 1a thé tich khi lwu thong, ELrs
la d6 dan héi cia hé ho hap, L:E 1a ty s6 thoi gian
hit vao-th® ra va Raw 12 sttc can cia dwong thé. O
30 bénh nhan phéi binh thwong va 50 bénh nhan

ARDS, nang lwvong co hoc dwoc tinh toan thong
qua phwong trinh nang lwong va dwoc do tuw
dwong cong ap lwc - thé tich dong & PEEP 5 va 15
cmH20 va TV 6, 8, 10, va 12 ml/kg. Sau d4, ching
toi tinh toan anh hwéng cua cac bién thanh phan
riéng 1é 1én nang lwong co hoc.

Két qua

Nang lwong co hoc dwoc tinh toan va do lwong la
twong tw nhau & PEEP 5 va 15 cmH20 ca & nguoi
binh thwong va & bénh nhian ARDS (d6 déc =
0,96, 1,06, 1,01, 1,12 twong rng, R2> 0,96 va p
<0,0001 cho tit cd). Nang lwong co hoc ting theo
cip s6 nhan véi TV, APaw, va lwu lwong (s6 mii =
2) ciing nhw véi RR (s6 mi = 1,4) va tuyén tinh
voi PEEP.

Két luan

Phuwong trinh ning lwgng co hoc cé thé gidp wéc
tinh sy déng goép cha cdc nguyén nhin tén
thwong phdi lién quan dén mday thd va cac bién
thé ciia ching. Phuwong trinh nay c6 thé dé dang
thwc hién trong moi phdn mém ctia may tho.

1
Power,s = RR - {AV2 . {5 -ElLrs +RR -

(14+1:E)
60-/:E

. Raw} + AV .- PEEP},
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Gidi thiéu

Ton thwong phéi do may thd/thong khi
(VILI, Ventilator/ventilation-induced lung
injuries) 1a két qua clta su twong tic giita nhirng
gi may th& cung cip cho nhu mo phéi va cach
nhu mé phoi ti€p nhin nd. Qua nhiéu thap ky, sw
hi€u biét cua chdng ta vé hai thwc té nay ngay
cang tang 1én: tir mot phia, cac thanh phin khac
nhau cida tai trong may thé da dwgc nhan manh
khac nhau; mat khac, cac tinh trang cia nhu mé
phéi quyét dinh phan (rng v&i mot tai trong may
thé nhat dinh da dwoc nghién ciu va lam ré. Cac
nguyén nhan giy VILI do may thé tao ra bao gom
ap luc [1], thé tich [2], lvu lwong [3] va tin s6 ho
hép [4, 5]. Mat khéc, tinh trang phdi tao thuin lgi
cho VILI chi yéu phu thudc vao sé lwgng phu né,
din dén giam kich thwéc phdi [6], ting tinh
khong dong nhit cia phoi, ting yéu to tang cing
thang (stress risers) [7] va xep va giai xep phoéi
theo chu ky (cyclic collapse and decollapse) [8, 9].
O day, ching ta bé qua cac yéu td “ngoai phéi”
nhuw twéi mau, pH, ap lwc khi va nhiét do. Ro
rang, may thé va cac nguyén nhan phoi giy ra
VILI c6é thé twong tac véi nhau. Vi duy, ap luc
dwong cuéi thi thé ra (PEEP) & m6t mat lam tang
tai 4p lwc ciia may thé, va mat khac cé thé lam
giam tinh khong dong nhit cia phoi va xep/giai
xep phdi theo chu ky thé. Tuy nhién, sy phan biét
gitra dong goép ctia may thd va phoi déi véi VILI
c6 thé gitup dat dwoc chién lwgc phong ngira VILI
tét hon. Trén thuc té, cAn xem xét rang tit ca cac
nguyén nhin lién quan dén may thé cda VILI,
mac du dwoc nghién ctu riéng ré, déu la cac
thanh phan cia mét bién s6 vat ly duy nhit (tic
la ndng lwong co hoc), trong khi hau hét cac
nguyén nhan lién quan dén phdi cia VILI cha yéu
1a hdu qua caa lwgng phu (tic 1a mic dd nghiém
trong ciia ARDS, it nhit 13 trong giai doan dau).
Néu ching ta xem xét cai dit thong khi, ro rang la

thé tich, ap lwc va lwu lwong cta khi lwu théng 1a
tat cd cac thanh phan cuta tai niang lwong, dwoc
bié€u thi trén mdét don vi thoi gian, 1a ndng lwong
co hoc. Trong bai bido nay, ching té6i muon dé
xuat mot mé hinh don gidn dé dinh lwong ning
lwong co hoc tai giwong bénh va thao luin vé sw
lién quan cé thé cé cua nod trong viéc thiét lap
mot hé thong thong khi co hoc “an toan”.

Phwong phap

Phwong trinh nang lwong co hoc

Phworng trinh chuyén déng

Theo phwong trinh chuyén déng c6 dién
[10] (c6 bb sung PEEP [11]), tai bat ky thoi diém
nao, ap luc (P) trong toan bo hé hd hip bang:

P = ELy - AV + R, - F + PEEP.

i R €Y
Trén thuc té€, moi thanh phan ctia phwong trinh
chuyén dong déu la ap luc:

e EL: x AV = AP (thanh phan 4p luc do d6 dan
hdi), 1a ELws = (Pplat - PEEP)/AV (ttrc 1a do
dan hoi cia hé hoé hap).

® Raw % F = Ppeak - Pplac (thanh phan ap luc do
chuyén dong), 12 Raw = (Ppeak - Ppiat) /F,

e PEEP = Pendeexpiraion Khong lién quan dén
chuyén dong, nhung né thé hién sirc cang co
ban ctia phoi, vi n6 1a 4p lwc hién cé trong hé
ho hip khi AV va lvu lwong bang khong.

Ndng Iwo'ng moéi ho'i thé

Trong hinh 1, ching ta biéu dién ning
lwgng phai tac dung vao hé hd hip dé ting thé
tich (AV) trén thé tich nghi. Pé r6 rang hon,
ching t6i gid dinh rang duwdng cong ap luc - thé
tich cia hé ho hip (hodc cua phoi) 1a tuyén tinh
trong pham vi thé tich dwoc xem xét, tirc 1a 1én
dén vung cua tong dung tich phoi (TLC).
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Mechanical power equation

o
=

Volume

Tidal

2
=

Volume (mL)

400

PEEP

Volume

200 100

o

600

S00

Tidal
Volume

400

300

Volume (mL)

PEEP
Volume

200

|
|
|
}
I
A
|
|
|
I
|
|
|
|
1

0 5 10 15 20 25 30 35
PEEP Plateau Peak
Pressure Pressure

Pressure (cmH,0)

Hinh 1 a M6t biéu dién bdng do thi cia phuong
trinh ndng lwong. Hinh vé bao gém mdt hinh tam
gidc lon (mau xanh ld cdy cdng véi xanh da troi),
hinh binh hanh (strc cdn, mau vang) dwoc thém
vao bén phdi. Tam gidc bén trdi cua tam gidc lén
dai dién cho téng thé tich (tirc la thé tich TV +
PEEP), trong khi tam gidc trén dai dién cho dp luc
binh nguyén. D4 déc ctia canh huyén thé hién do
gidn nd& cua hé théng, (trong trwong hop cua
chiing téi la 1200 ml/30 cmH;0 = 40 ml/cmH:0).
Dién tich ctia tam gidc Ion nay la téng ndng lwong
dan hoi cé & dp lwc binh nguyén va bdng véi (1200
ml x 30 cmH20)/2 x 0,000098 = 1764 ]. Téng ndng
lwong dan hoi nay cé hai thanh phdn: tam gidc
nhé hon (dan hoi tinh, mau xanh luc), biéu thi
ndng lwong dwoc phdn phéi chi mét lin khi PEEP
dwoc dp dung va hinh thang hinh chit nhdt Ién

hon (dan héi déng, mau xanh), cé dién tich dai
dién cho ndng lwong dan hdi dwoc phdn phéi tai
méi nhip thé theo chu ky. Lwu y rdng hinh thang
chir nhdt la két quad cua téng ctia hai thanh phdn
(cd hai phwong): hinh chi¥ nhdt cé dién tich la TV
x PEEP (thanh phdn thit ba ctia phwong trinh liy
thira) va hinh tam gidc cé dién tich la TV x APaw x
1/2, bang ELs x TV x 1/2 (thanh phdn ddu tién
ctia phwong trinh ndng lwong). Thanh phdn thi
ba cta phwong trinh ndng lwong la dién tich dwoc
mé td bai hinh binh hanh Strc cdn (mau vang), cé
dién tich bang (Ppeak - Ppiat) x TV. b Vong ldp dp
lwc - thé' tich dong thu dwoc & PEEP 15 cmH20, véi
cdc théong sé do dwoc nhw sau: Ppeak 32,8 cmH;0,
Ppiat 29,2 cmH20, TV 303 ml. Nang lwong do duorc,
tirc la dién tich ctia hinh thang dwgoc mé td boi
dwong mau xanh lam, dwong dp lwc dinh (ddy
chinh), dworng PEEP (ddy nhé) va dwong TV (chiéu
cao) la 0,77 ], dwoc tinh la 0,80 ]. V&i RR = 18 bpm,
ndng lwong do dworc khi do la 13,9 J/phtt va ndng
lwong tinh todn la 14,4 J/phut

e Ning lwong modi hoi thé & ZEEP. Nang lugng
(tc 1a khu vuc gitta dwong bom phong va
truc y) la tich cta gia tri tuyét déi caa ap luc
(P) nhan v&i sy bién thién cia thé tich (AV),
tirc 1a P x AV. Do d6, khi PEEP bang 0, ning
lvgng dwoc 4p dung dé bu cho do dan hoi sé
la dién tich cua tam giac, tirc 1a 1/2 x Pplar x
AV.

e Ning lwong mdi hoi thé véi PEEP. Khi PEEP
duogc ap dung, nang lwong dé dat dén thé tich
PEEP (AVPEEP) sé bz‘?mg 1/2 x PEEP x AVPEEP,
nhung sé& chi cAn mot 1an (mién 13 PEEP sé&
dwoc duy tri), vi trong qua trinh thong khi khi
lwu thong AVpgep bang 0 va do d6 s hang 1/2
x P x AV ciing bang khong. Tuy nhién, khi c6
PEEP, cin nhiéu ning lwgng hon dé lam
phéng phoi. Theo d6, nang lwong cin thiét dé
TV dat d&én mirc P 12 AP + PEEP (ttc 1a mic P)
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nhin véi thé tich dich chuyén tlr thé tich
PEEP 1én dén thé tich binh nguyén. Nang
lwong nay bang dién tich cta hinh thang c6 P
va PEEP la day va TV la chiéu cao (xem Hinh
1). P€ c6 mot cudc thdo ludn chi tiét hon vé
vai tro cia PEEP, hdy xem Phu luc Dbién tt,
phan E-1.

e Ning lvong mdi hoi thé cho chuyén dong cia
khi. Nang lwong nay gan bang dién tich cta
hinh binh hanh bén phai ctia Hinh 1, trong dé
mot mat 14 (Ppeak - Pplar) va mat kia la AV. Biéu
dién nay thwc sw 1a mot sw don gidn héa thuc
té, vi n6 co thé thay déi trong qua trinh thong
khi dwoc kiém soat thé tich hoac kiém soat ap
luec.

Theo d6, chung ta c6 thé tinh ning lwong moi
hoi thé nhan mbi 4p lwc trong phwong trinh
chuyén déng véi sw bién thién thé tich, nhw sau:

1
Ebrcath =AV - AV -ELg - 5 + AV - R,y - F+ AV - PEEP.
(2)

SO hang dau tién cua phwong trinh (2),
bang AV x AP, da dwogc chia cho 2 (dién tich tam
giac) dé tinh gan dung tich phan cta ching (xem
Hinh 1a), trong khi s6 hang thi hai va thi ba thi
khong. yéu cau bat ky hiéu chinh nao, vi ching
dai dién cho mét phép tinh tién song song doc
theo truc.

Tt phwong trinh (2):
2 1 AV
Epreath = AV? -ELys- = + AV - ( Ry - —— | + AV - PEEP.
2 Tinsp
(3)
Vivay:

1
Ebreath = sz : (ELrs . 5 + Tinsp

* Ra\v> + AV * PEEP.
“)

DE biéu thi Tinsp nhr mOt ham cda tin sd
ho hip (RR) va ty so hit vao-thé ra (I:E), ca hai
déu c6 sdn trong moi cai dit cia may thd, cé thé
ap dung suy ra sau:

Gia thuyét:

Tinsp/Texp = 1/E,

Tinsp + Texp = Ttot,

Ttot = 60/RR.

Tinsp = Ttot x (LE/(1 + L:E))

Do d6, thay thé Tinsp trong phwong trinh (4):

1 (1+1:E)
Epreath = AVZ. (ELrs : 5 + RR - m . a“)

+ AV - PEEP (5)

Né&u ching ta biéu thi thé tich bang lit va
ap luc bang cmH20, thi tich ctia ching nhan véi
0,098 sé dwoc biéu thi bang Joules.

Nang lwong co hoc

Theo phwong trinh (5), nang lwong co hoc
tinh bang ] /phut sé 1a:

(1+1:E)
60-1:E

* Raw

, 1
Powerrs = 0.098 - RR - {Av2 . [5 -ELrs + RR -

+ AV PEEP}. (6)

Tl cong thirc trén, c6 thé tinh dwoc anh
hwdng cua viéc thay déi bat ky bién sé nao (thé
tich khi lwu thong, ap lwc day, tin sé ho hip, luc
can) dén co ning tac dung lén hé hé hap.

Poi véi mot phién ban don gian cda
phwong trinh (6) va dé tinh toan nang lwong co
hoc dwoc ap dung cho phoi thay vi cho toan bd
hé théng ho hap, hiy xem Phan B6 sung Dién tt,
phan E-2 va E-3.
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Nang lwong do dac/nang lwong sir dung
Chung t6i st dung dit liéu ttr mot nghién
ctru trwéc d6, bao gobm 30 bénh nhan c6 phdi
binh thudng (19 déi twong phau thuat va 11 déi
twong kiém soat y té) khong c6 ARDS va 50 bénh
nhan ARDS (nhe = 26, trung binh = 16, nang = 8).
Cac dic diém ctia dan s6 dwoc tém tit trong Bang
1 (chi tiét hon c6 thé dwoc tim thiy trong bang
1-3 cta nghién cttu ban dau) [12]. Mdi bénh
nhan c6 va khdng c6 ARDS dwoc kiém tra véi bon
thé tich khi lwu théng (6, 8, 10 va 12 ml/kg) va
hai mirc PEEP (5 va 15 cmH0). Ap lwc dwong
tho (Paw) va lru lwong dwoc ghi lai & 100 Hz va
dwoc xtr ly trén mot hé théng thu thap dir liéu
chuyén dung (Colligo; Elekton, Milan, Y). Ning
lwong 4p dung cho mébi 1an thé da dwoc do bing
cach st dung dwong cong ap lwc-thé tich dong
dwoc ghi lai trong qua trinh thong khi theo chu
ky thé. Ning lwong cung cip cho mdi lan thé

Bang 1 Pdc diém ciia bénh nhdn

(dwong thé + hé ho hiap) dwoc dinh nghia la dién
tich gitra nhanh hit vao cia ap luwc dwong thé va
truc thé tich (xem Hinh 1b). Lwu y rang 4p luc
dwoc biéu thi bang gia tri tuyét ddi (nghia 1a bao
gom PEEP) trong khi thé tich dwoc biéu thi bang
thé tich delta phia trén EELV. Tich phan cta dién
tich ap luwc-thé tich, duwgc do bang lit x cmH;0,
sau d6 dwoc biéu thi bang Joules (1 1 x cmH20 =
0,000098 ]). Nang lwong co hoc c6 dwoc bang
cach nhan nang lwong mdi hoi thé véi tin s ho
hép.

Phwong phap thong ké

Hoi quy logistic don bién dwgc sir dung dé
danh gia moi lién hé gitra ning lwong co hoc do
dwoc va tinh toan. D€ danh gid thém sw thong
nhit gitra cic gia tri ndng lwong co hoc do dwoc
va tinh toan, do6 thi Bland - Altman da dwoc st
dung. Phan tich dwoc thuc hién bang phin mém
SAS, v.9.2 (Vién SAS, Cary, NC, Hoa Ky).

Pic diém Nhom ki€m soat, | Nhom kiém soat, | Bénh nhan Bénh nhan ARDS trung p value
phau thuat ndi khoa (n=11) | ARDS nhe binh va nang (n = 24)
(n=19) (n=26)
Age, years 56 + 14 51+18 64 £15 57+16 0.11
Female sex, no. of 12 5 12 6 0.09
patients
Body mass index, 242 232 23+3 25+5 0.58
kg/m?
Height, cm 168 +7 169 + 8 172 +10 172+9 0.35
TV/IBW, mL/kg 9.9+2.0 8.7+1.7 9.0+2.2 8.8+2.3 0.29
Minute ventilation, 6.3+1.0 7.5+15 7.3+15 9.1+£25 <0.0001
1/min
Respiratory rate, bpm | 10.7 + 2.6 13.0+£4.9 124 164 0.0002
Respiratory system 196 246 249 26+8 0.02
elastance, cmH20/1
FRC, ml 1715+ 734 1166 + 392 1088 + 391 1013 + 593 0.002
Pa0;/FiO; 443 +101 31477 249 = 30 126 +43 <0.0001
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Két qua

Nang lwong co hoc tinh toan so véi do dworc

Ho6i quy gitra nang lwong co hoc dwoc do
va tinh todn & 30 bénh nhin thé may déi véi cac
bénh ly khong lién quan dén phoi (tic 1a phoi
“binh thwong”) dwoc bao cdo trong Hinh 2a
(PEEP 5 cmH;0) va bang C (PEEP 15 cmH:0).
Nang lwong co hoc dwoc do & 6, 8, 10, 12 ml/kg
TV, chiém 120 phép do cho mdi mitc PEEP. Nang
lwong co hoc do dwoc (truc x) twong quan chat
ché vé&i nang lwong dwoc tinh toan thong qua
phwong trinh nang lwong, theo cac hoi quy sau:
dwoc tinh = 0,96 x dwoc do + 0,16, R2 = 0,98, p
<0,0001 (& PEEP 5 cmH20) va duwoc tinh = 1,05 x
dwoc do - 0,52, Rz = 0,99, p <0,0001 (& PEEP 15
cmH20). Cac do thi Bland - Altman dwoc bao cdo
trong Hinh 2b, d. Nhw dwoc chi ra, & PEEP 5
cmHz20, trung binh cia sw khac biét la 0,196
J/phut, gi¢i han trén cua thoa thuan la 0,916
J/phut, gi¢i han dwéi caa thoéa thuan la -0,525
J/phut. & PEEP 15 cmH20, gia tri trung binh ctia
sw khac biét 1a -0,396 ]/phut, gi¢i han trén cta
thoa thuan la 0,560 ]J/phut va gi¢i han dwéi cua
thoa thudn la -1,353 ] /phut.

Ho6i quy gitra nang lwong co hoc dwoc do
va tinh toan & 50 bénh nhan ARDS dwoc bao cao
trong Hinh 3a (PEEP 5 cmH20) va Hinh 3¢ (PEEP
15 cmH20). Nang lwong co hoc dwoc do & 6, 8,
10, 12 ml/kg TV, chiém 200 phép do cho mbi
murc PEEP. Nang lwong co hoc do dwoc (truc x)
twong quan chat ché véi nang lwgng dwoc tinh
toan thong qua phwong trinh nang lwong, theo
cac hoi quy sau: dwoc tinh = 1,01 x dwoc do -
0,48,R2=0,96, p <0,0001 (& PEEP 5 cmH;0) va
dwoc tinh = 1,12 x do dwoc - 1,38, R 2 =0,97, p
<0,0001 (& PEEP 15 cmH20). Cac do thi Bland -

Altman dwoc bao cdo trong Hinh 3b, d. Nhw dwoc
chi ra, & PEEP 5 cmH20 trung binh cia sw khac
biét 1a 0,316 J/phut, gi¢i han trén cta thda thudn
la 1,471 J/phut, gi¢i han dwéi cta thoéa thuan la -
0,840 J/phut. O PEEP 15 cmH.0, trung binh ctia
sw khac biét 1a -0,840 ]J/phut, gi¢i han trén cta
thoa thudn la 0,924 J/phut va gi¢i han dwéi cta
thoa thuan la -2,604 J /phut.

Anh hwéng cia cac thong sé thong khi dén
nang lwong co hoc

Trong Hinh 4, bat dau tir diéu kién binh
thwong (ELrs 10 cmH20/1, Raw 8 cmH20/1/s),
ching téi cho thidy nhirng thay déi clia ning
lwong co hoc nhw 1a mét ham cua sy gia tang cua
mot trong cac thanh phin cta né (TV, APaw, lwu
lwong hit vao, RR va PEEP) trong cac buéc 10%,
trong khi cic thanh phan khac dwoc duy tri
khong dd6i. Nhw dwoc minh hoa, cing mot ty 1é
phan tram thay déi cda TV, ap luc diy va lwu
lwong hit vao tao ra mirc tang nang lwong co hoc
theo cip s6 nhan giéng hét nhau (liy thira = 2),
tirc 1a tang gip doi TV (vi du: tir 6 dén 12 ml/kg),
tao ra gip bon lan ting nang lwong co hoc. Déi
véi cing mot ty 1é phin tram tang clia tin s6,
nang lwgng co hoc tang theo cip sé nhan, nhung
véi s6 mi la 1,4, trong khi sw gia ting cia PEEP
giy ra sw gia tang tuyén tinh cda nang lvong co
hoc. Anh hwéng dén ning lwong co hoc cla
nhirng thay déi trong sttrc can dwong thé va do
dan hoi cda hé théng ho hap dwoc bdo cio trong
Hinh 5. Anh hwéng ciia sw két hop khac nhau cia
cac bién s6 may thé 1én nang lwong co hoc c6 thé
dwoc xem trén chwong trinh may tinh ad hoc, c6
thé tadi xudong tr lién két sau
http://www.ains.med.uni-goettingen.de/de/

abteilung-anaesthesiologie /forschung/energy-

calculator-software.
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a Normal-lungs patients (PEEP 5 cmH,0) b Normal-lungs patients (PEEP 5 cmH,0)
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Hinh 2 D4i twong binh thwong. a, ¢ Ndng lwong co hoc dworc tinh tai PEEP 5 va 15 cmH0 (truc y) dwoc vé
dwdi dang ham cua ndng lwong do dwoc (truc x). Tai PEEP 5 cmH20, y = 0,9633x + 0,1609; & PEEP 15
cmH:0, y = 1,0592x - 0,5218. b, d Cdc do thi Bland - Altman twong trng (xem vdn bdn dé biét chi tiét)
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Hinh 3 Bénh nhan ARDS. a, ¢ Nang lwong co hoc dworc tinh tai PEEP 5 va 15 cmH20 (trucy) dwoc vé dwdi
dang ham ctia ndng long do dwoc (truc x). O PEEP 5 cmH20, y = 1,0137x - 0,4842; & PEEP 15 cmHz0, y =
1,1216x - 1,3833. b, d Cdc do thi Bland - Altman twong ttng (xem vdn bdn dé biét chi tiét)
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Mechanical power: components
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Hinh 4 Mikc tdng phdn trdm cia ndng lwong co
hoc nhw mét ham cua TV/APaw/lwu lwong hit vao
(kim cwong, hinh vuéng va hinh tam gidc), RR
(sao), PEEP (hinh tron). Cdc bién thé ciia ndng
lwong co hoc véi TV, APaw va lwu lwong hit vao
hoan toan giéng nhau, nam trén cung mét dwong
(dé ré rang, ching téi hién thi cdc bién thé ndng
lwong co hoc & cdc bién thé phdn trdm khdc nhau
ctia TV, APaw va lvu lwong hit vao, néu khéng thi
tdt cd cdc diém sé dwoc chdng 1én nhau). Trong
khi ndng lwong co hoc tang 37% khi TV/APaw/
lwu lwong hit vao tdng 20%, thi né tang 27% va
tang 5,7% véi tdn s6 hé hdp va PEEP tdang 20%,
twong trng. Tdt cd cdc phép tinh dwoc thwc hién
bang cdch thay déi mét bién tai mét thoi diém,
trong khi giir cho tdt cd cdc bién khdc khdng doi

Thao luan

Xem xét yéu t6 thoi gian cung véi it nhat
mot s6 thanh phén cta ndng lwong co hoc trong
nguon gdc cta VILI ré6 rang khong phai 1a méi
[13-15]. Nhitng gi ching tbéi tim thiy trong
nghién ciru nay la "phwong trinh nang luong",
dwogec rat ra tir phwong trinh ¢6 dién cda chuyén

dong [10, 16] (PEEP da dwgc thém vao, trong khi
lwc quan tinh da bi bé qua), cung cip két qua rat
gidng voi thu duoc bang thuc nghiém théng qua
phén tich dwong cong ap lwc-thé tich. Uu diém
cia mod ta toan hoc vé ning lwong co hoc l1a né
cho phép dinh lwong sw dong gép twong doi cua
cac thanh phan khac nhau ctia n6 (TV, RR, APay,
PEEP, L:E, lvru lwong) va du dodn tac dong clua
nhirng thay d6i ciia ching.

Mechanical power and lung characteristics
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Hinh 5 Cdc bién thé phdn trdm ctia ndng lwong co
hoc nhw mgt ham cta ELrs (hinh tron) va Raw (hinh
vudng). Cdc bién thé cta ndng lwong co véi Raw
thdp hon véi ELr. Trong khi ndng lwong co hoc
tang 8% véi mirc tang 20% cta ELrs, thi né tdng
6% vd&i mirc tdng 20% cia Raw twong trng. Tat cd
cdc phép tinh dwoc thwc hién bdng cdch thay doi
mot bién tai mot thoi diém, trong khi giiv cho tdt
cd cdc bién khdc khong doi

Cac thanh phan cta nang lwong co hoc

Sw dan hoéi ctia hé théng hoé hdp

Thanh phin diu tién cia phwong trinh
nang lwong (tirc 1a ndng lwgng lién quan dén thé
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tich khi lwu théng/ap lwc diy) gid dinh mot
duwong cong ap lwc-thé tich tuyén tinh. Néu do
dan hoi tang 1én gan téng dung tich phdi, do qua
cing, nang lwong tinh todn sé bi danh gia thip
hon. Nguoc lai, nang lwong dwogc tinh toan sé
dwoc danh gid qua cao néu dé6 dan hoi giam,
chiang han nhu do huy dong. Tuy nhién, cin phai
lwu y rang hai hién twong (qua cdng va huy dong)
c6 thé xay ra dong thoi & cac vung phdi khac
nhau, dan dén téng dd dan hoi khong thay doi.
Ngoai ra, 10-20% thay déi do dan hoi (tang hodc
giam) phai twong rng véi thay déi 5-10% (tang
hodc giam) trong nang lwong co hoc dwoc tinh
toan (xem Hinh 5). Mot hé théng tw dong do dao
ham cua ap luwc - thé tich & mbi cip P - V s& tranh
dwoc bat ky sw danh gid qua cao hodc thip nao
c6 thé xay ra.

Strc can dwong tho

Thanh phan th& hai cta phwong trinh
nang lwong 1a ning lwong lién quan dén chuyén
dong cta chit khi. Nhw thé hién trong Hinh 1a,
trong mo hinh ctia ching t6i, ching t6i gia dinh
rang ca luc can va lvu lwong déu khong déi trong
thoi gian bom phong. Theo d6, d6 chénh léch
Ppeak - Ppiac ngay 1ap tirc dat dén mirc lam viéc ctia
nod, sau dé dwoc duy tri cho dén khi két thic hit
vao. Gia dinh nay ro rang la mot sw don gian héa
qua murc. Trén thuc té, trong qua trinh théd may,
strc can dwong thé giam khi thé tich phoi cudi ky
thé ra (EELV) tang 1én [17, 18]. Ca & d6i twong
binh thwdng va bénh nhan ARDS, khi thong khi
bat dau tir PEEP 15 cmH20, chiing t6i nhan thiy
rang ning lwong co hoc tinh todn cao hon ning
lwong do dwoc. Panh gia qua mic c6 hé théng
dworc thé hién ro rang trong dé thi Bland-Altman
lién quan dén sw théng khi & PEEP 15 cmH20
(Hinh 2, 3d). Cling trong trwong hop nay, mot hé
théng tw dong do stc can va lvu lwong dwong

thd sé lam tang d6 chinh xac cua nang lwong tinh
toan dwoc wéc tinh.

Ap Iwc dwong cuéi ky thé ra

Thanh phan th& ba cta phwong trinh
nang lwong twong dwong véi ning lwong cin
thiét d€ vuwot qua, trong toan bd giai doan hit vao,
strc cang cua cac s¢i do PEEP.

Trong cic phép tinh vé nhip thé dwoc
thuc hién trong may thé, PEEP khong dwoc xem
xét, vi vong lap P-V bat dau tir diém (0, 0), bat ké
PEEP va thé tich phdi cudi ky thé ra. Tuy nhién,
madc du PEEP khong déng gép vao tai nang lwong
theo chu ky lién quan dén thong khi, sy hién dién
cda noé lam tang tai nidng lwong cung cap cho hé
hé hip bang mot hé s6 bang PEEP x AV (xem
thém Phan b6 sung dién t&, phan E-1) . Tac dung
nay cua PEEP thudng bi béd qua, mac du sv gia
tang PEEP tir 10-20% sé lam tang nang lwgng co
hoc & mirc do twong tu.

Nang lwong co hoc va VILI

VILI bat ngudn tir su twong tac gitra ning
lwong co hoc truyén dén nhu mo phoi théng khi
va cac dic diém gidi phiu-bénh ly clia nhu mo
phoi. Trén thuc té, TV/APaw, RR, flow va PEEP
déu la cac thanh phan cda mot chiéu vat ly duy
nhat, miac du mdi thi trong sé chiing da dwoc
nghién ctru riéng biét v&i cac thir nguyén khac va
c6 kha nang dong gép khac nhau vao nang lvong
co hoc. Néu ton thwong co hoc ddi véi nhu méo
phdi 1a tuy thudc ning lwong co hoc, thi cé thé sw
két hgp khac nhau cua cac thanh phan cda no,
dan dén nang lwong co hoc 16n hon mot ngwdng
nhit dinh, c6 thé tao ra ton thwong twong tw, nhw
cac thi nghiém trén dong vat da dé xuat gin day
[5 ]. RO rang, vi nang lwong co hoc bi anh hwéng
b&i cac dic tinh dién dung ctia hé théng, nén né
can dwoc tiéu chuidn hoa cho mot don vi thé tich
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khi phéi hodc gam mo phdi tiép xic véi hé théng
thong khi.
Phéi khée manh

Hau hét cac tai liéu vé VILI & phdi khoe
manh ngu y st dung cac két hop khac nhau gitra
TV va PEEP, trong khi RR thuwong dwoc thiét 1ap
dé duy tri mot pham vi PaCOz nhat dinh. D€ giy
ton thwong cho phdi khée manh & tin s6 “binh
thuwong”, cdn c6 TV 16m hon 30-40 ml/kg hoic
thAm chi hon. Nhirng gia tri nay, néu dwoc goi la
kich thwéc phéi, twong rng véi mot sirc cing cin
thiét dé dat dwoc tong dung tich phdi (2-3 lan
thé tich FRC) [15]. D€ hiéu moi quan hé giira
nang lwong co hoc va phdi khée manh & cac loai
khac nhau, ching toi tin rang phai tinh dén hai
yéu td: thi nhit 1a kich thwéc phéi va thi hai la
d6 dan hoi dic trueng ca phdi, phan dnh tinh dan
h6i ndi tai cia nhu mé phéi. (12 cmH20 & nguwoi,
6 cmH20 & lon va 4 cmH20 & chuot) [19]. O lon
khée manh cé trong lwong trung binh 21 kg, véi
FRC trung binh la 295 ml, chiing t6i tién hanh tim
kiém gia tri ngwong cho VILI, dwoc danh gia bang
murc do phu trong chup CT, la 12 J/phut [5],
twong wng v&i khoang 40 m]/phut/ml.

Phéi bénh

Cac can nhic vé kich thuéc phdi va do dan
ho6i dic hiéu cta phoi cling 4p dung cho phdéi bi
bénh ndng. “Phéi em bé” cang nhé thi nang lwgng
co hoc cén thiét dé€ giy ra ton thwong cang thap,
la d0 dan hoi dac hiéu cta phéi twong tw nhw
binh thwong [20]. R4t khé d€ mot nang lwong co
hoc, chang han nhu ting “phdi em bé” 1én gan
bang tdng ndng lwong clia né, co thé dwoc ap
dung trong thwc hanh 14m sang. Tuy nhién, phéi
bi bénh dwoc dac trueng béi sw hién dién ciia mot
s6 mat phin cach gitra cac ving c6 do dan héi
khac nhau, c6 thé bang cach tang gip doi ching
tap trung lwc tac dung [7]. That vay, tinh khong

déng nhit cta phéi, quy dinh sw phan b6 lwc
khéng dong nhit va ro rang la ning lwong co hoc,
c6 kha nang la nguyén nhan chinh phu thudc vao
phdi cho sy xudt hién cta VILL

Han ché cuia nghién ciru

Ning lwong dwoc cung cip trong mbi hoi
thd mot phin dwgc lwu triv dwdi dang ning
lwgng dan héi va mét phan bi tiéu tan, thong qua
nhiéu co ché khac nhau, vao phéi. Phin nay,
duoc dai dién bdi ving tré cta vong 13p P-V, 1a
phan c6 kha ning gy hai. Tuy nhién, vi viing tré
la m6t phan gin nhw khong déi cia nang lwong
dwoc phan phéi (it nhat 1a trong pham vi sinh Iy
cda thé tich khi lwu théng) [21, 22], d€ don gian,
ching tbi dé cap dén vung cudi cliing, c6 thé dé
dang tinh toan va dé hiéu hon.

Nang lwong tinh todn/nidng lwong gid dinh moi
quan hé tuyén tinh gitra thé tich phoi véi dd dan
ho6i va strc can. Nhw da thao ludn trwéc day, cac
tuyén tinh nay cé thé bi mit & thé tich cao hon
(PEEP 15 cmH30), d4n dén kha ning danh gia
qui mirc/danh gia thap nang lwong co hoc. Tuy
nhién, néu khai niém ning lwong co hoc dwoc
chi*rng minh 1a htru ich, cd do dan hoi va strc can
va c6 thé duoc tinh todn tw dong tai mdi diém am
lwong trén vong lap P - V, khic phuc s sai léch
tuyén tinh.

Dé hiéu trong s6 twong dbi ciia cac bién
khac nhau dwoc giéi thiéu trong phwong trinh
Ity thira, ching t6i da khao sat chung riéng Ié,
déng thoi gitr cho cac bién khac khong déi. Cach
ti€p can nay ro rang la ddng nghi ngo, vi viéc ting
TV — lam vi du — trong thwc té binh thwong cé
thé lién quan dén viéc gidm tin sd thd, thay doi
lwu lwgng, v.v. Tuy nhién, ching t6i cung cAp mot
cong cu dé dang dé tinh toan bat ky su két hop
nao cda bién dwgc cho la pht hop.
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Can phai nhidn manh rang niang lwong co
hoc chi 12 mot phan ctia van dé. Phan khac dwoc
dai dién bdi cac tinh trang cta phéi. Cing mot
nang lwong co hoc c¢6 thé cé cac tdc dong khac
nhau tuy thudc vao kich thwéc cha phéi, sw hién
dién cta tinh khong dong nhit, mic do cta cac
tidc nhan gy cing thang va trang thai lam day
cda cac mach, tat ca cac yéu td tao diéu kién cho
sw phian b6 khong dong déu cua ning luwong
dwoc phan phéi. Vi vay, dé cé y nghia vé mit [Am
sang, co nang phai dwgc binh thwdong hoa, it nhat
12 thé tich phéi [23].

Két luin

Phén tich nang lwong co hoc nhan manh
cac khai niém c6 thé lién quan dén 1am sang. Dau
tién, né gidi thich tim quan trong cuc ky cua

TV/AP.w trong viéc tao ra VILI [24], da duoc
céng nhin rong rii trong cong dong khoa hoc.
Thi hai, né c6 thé giai thich cho tac dong khéng
ro rang cua PEEP. Trén thuc té, ning lwong co
hoc tang tuyén tinh véi PEEP, va c6 thé gop phan
vao VILI. Mit khac, PEEP c¢6 thé lam gidm cac
nguyén nhin phu thudc phdi cta VILI (phdi
khong déng nhit va xep/gidi xep theo chu ky
thd). Hiéu qua cudi cung (tich cwc hoic tiéu cuc)
sé phu thudc vao hanh dong nao trong hai hanh
déng chiém wu thé va bénh nhin nao. Thir ba,
nang lwong co hoc nhan manh tac déng thwong
bi bo qua, nhwng c6 kha niang lién quan dén tin
s6 ho hap, vi nidng lvong ting theo cip s6 nhin
khi RR ting. Tém lai, viéc xem xét tdng thé ning
lwong co hoc c6 thé cung cip nhirng hiéu biét tot
hon so véi viéc xem xét cac thanh phin ctia nd
mot cach riéng biét.
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