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Bdi canh

Tdéng quan hé thdng nay nham danh gia viéc cung
cip thudc qua dwong ho hidp & bénh nhan thé
may hodc trén mé hinh dong vat. Sw lang dong
(deposition) toan bd phdi va khu vwe, va tic dong
cla bd day may thé, duwdng thé nhan tao va ki
thuit dé€ cung cip khi dung da dwoc phéan tich.
Phwong phap

Cac nghién ctru in vivo danh gia ling dong phdi
trong thd may xam ldn da dwoc lwa chon dwa
trén mot tim ki€m c6 hé thdng gitra bén co sé dir
liéu. Hai nha diéu tra doc 1ap danh gid da diéu
kién va nguy co sai léch.

Cac két qua

Hai mwoi sau nghién cttu lam sang va muoi
nghién cru da dwoc dwa vao. Tir 30% dén 43%
liéu thudc danh nghia (nominal drug dose) da bi
mat vao b diy may thé & bénh nhan thé may.
Lang dong toan bd phdi 1én dén 16% va 38% liéu
danh nghia (ty 1é thudc dwoc sac trong thiét bi)
dd dwoc bao cao véi may phun khi dung
(nebulizers) va thu6c dang hit dinh liéu
(metered-dose inhalers) twong (ng. Mot chi so
thAm nhip (penetration index) thip hon 1 dwoc
quan sat trong cac nghién ciru xa hinh
(scintigraphic) chi ra sw 1dng dong gan nhét. Tuy
nhién, néng dé6 khang sinh dang ké dwoc do
trong dich 16t biéu mé (887 (406-12819) ug/mL
amikacin) ctia bénh nhan bi nhiém bénh va trong
bénh phim dwdi mang phoi (vi du, 197 pg/g
amikacin) duwgc mé xé tir heo con bi nhiém bénh,
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goi y lang dong xa dang ké. Ky thuat sy dung
khac nhau giitra cadc nghién ctru va c6 thé giai
thich mot mic do thay ddi cia sy ldng dong da
dwoc quan sat.

Két luan

Lang dong phéi thdp hon 20% liéu danh nghia
dwoc cung cip véi may phun khi dung va cha yéu
xay ra & dwong thé gan. Cac nghién clru tiép theo
13 cén thiét dé lién két ndong d6 khang sinh dang
ké trong dich phdi bi nhiém véi ling dong phdi.
Ky thuat st dung véi may phun khi dung nén
dwoc cai thién & bénh nhan thé may dé dam bao
mot k§ thuat hiéu qua nhwng an toan, kha thi va
c6 thé téi tao.

Liéu phap khi dung thwong dwoc st dung
trong cac don vi cham séc tich cwc. Ba nhom
thudc chinh dwoc phan phdi bang dwdng hod hap
cho bénh nhin thé mdy: thudc gidn phé quan,
corticosteroid va khang sinh [1]. Hiéu qua cta
thudc phu thudc vao litu lwgng va vi tri lang
dong. Loi ich 1am sang cia thudc gidn phé quan
dat mic cao cua liéu hiéu qua tuy thudc sw lang
dong, va viéc tang liéu sé khién bénh nhén gip
phai cac tac dung phu tiém an (vi du: ho, nhip tim
nhanh va run) [2, 3]. P6i véi khang sinh dwong
hé hap, néng dé nén dwoc t6i da hoda tai vi tri
ph6i bi nhiém bénh dé dat dwoc hiéu qua diét
khuéin theo dic diém dwgc dong hoc - dwoc luc
hoc ctia chung [4].

Nhiéu yéu t6 anh hwdéng dén viéc dwa khi
dung vao phoi trong qua trinh thé may va cé lién
quan dén thudc, thiét bi, bénh nhén, b diy may
thé, dwdong thé nhan tao va cai dat may thé [5].
Nhitng yéu t6 nay da dwgc nghién ctru chu yéu
trong phong thi nghiém [6-8]. Trong 30 nam qua,

cac nghién ctru lam sang va thwc nghiém da diéu
tra lang dong phdi cta thudc dang hit trong khi
thé may xdm 14n bang ky thuit hinh dnh dwa
trén lang dong aerosol danh diu bang dong vi
phong xa (radiolabeled), 1dy mau md phdi va
phan tich dwoc dong hoc [5, 9, 10]. Mot tong
quan hé thdng toan dién tom tit dir liéu in vivo
lién quan dén phan phoi khi dung trong qua trinh
thé may xAm lan chwa bao gior dwoc cong bé.

Muc dich cda tong quan nay la danh gia
cac nghién cru danh gid viéc cung cip thuéc
dang hit vao co thé cho bénh nhén thé may hoic
md hinh déng vat dwdi dang nong do thudc tuyét
déi hodc lang dong dinh lwong lién quan dén liéu
danh nghia dé: (1) cung cip kién thirc hién tai vé
lang dong toan bd phdi ; (2) ki€ém tra sy phan
phdi va thAm nhip cta thudc dang hit vao cac
vung khac nhau cia dwong hd hap; (3) xac dinh
cach bo day may thé va dwdng thé nhan tao tac
ddng dén viéc cung cap khi dung va (4) thao luin
veé cac ky thuat sir dung dwoc ap dung trong cac
nghién ctru nay.

Nghién ctru ndy da dwoc dang ky trong S6
dang Kky trién vong qudc té vé danh gid hé thong
(PROSPERO CRD42016047186) va dwoc thuc
hién theo Hwdng dan bdo cdo wu tién cho céc
danh gid hé théng va phan tich tong hop
(PRISMA) [11].

Chién lwoc tim ki€m va trich xuat dir liéu

Chién lwoc tim kiém, tiéu chi lwa chon,
trich xuat dir liéu va danh gia chat lwong nghién
ciru dwogce trinh bay chi tiét trong Tép bo sung 1.
Viéc tim kiém cé hé thong dwoc thuc hién trong
co s& dit liéu Pubmed, Science Direct, Scopus va
PeDRO cuia mdt nha diéu tra (JD) da kiém tra cac
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4n phdm tir nAm 1985 dén thang 9 nam 2016 Cac
bai bdo nghién ctru ban dau dwoc dwa vao theo
tiéu chi thu nhan dwa trén nhitng ngwoi tham gia,
can thiép, so sanh, két qua va thiét ké nghién ctiru
(PICOS) (Bang 1 - xin xem bai gdc). Cac bai bao
dwoc xuit ban bang moét ngdn ngir khac tiéng
Anh va tiéng Phap, da bi loai trtr. Thang do
Downs va Black dwoc str dung dé xac dinh chat
lwrong phwong phap luan cia cac nghién ctru du
diéu kién [12].
Trinh bay dir liéu

Dt liéu dwoc biéu thi dwéi dang do léch
trung binh hodc do6 1éch chuin trung binh (pham
vi lién ma hoa - interquartile range 25-75%). Dit
liéu lang dong phéi dwoc biéu thi biang phan
tram cua lieu danh nghia (% ND, nghia la lvong
thu6c dwoc dat trong bé chira cia may phun khi
dung hodc dwoc chira trong 6ng hit cia thuéc
dang hit liéu do ldc bat dau thi nghiém) hoic la
phén tram cua liéu hit vao (% ID, nghia la lwong
thudc dat dén phan xa nhit ctia dwong thé nhan
tao). Sw xAm nhip cla cac hat aerosol vao phéi
dwoc danh gia bang chi s6 thAm nhap. Chi sd
thAm nhip dwoc tinh toan bang cach s dung ty
1é vung ldng dong giita bén ngoai v&i bén trong
(the outer to the inner) cia phéi dwgc chudn hoa
theo thé tich ph6i nhw dwoc moé ta trwdc day
[13]. Sw bién déi gitra cac chu thé cho dir liéu
lang dong phéi dwoc dic trung bang cach st
dung hé sé bién ddi (CV, dwgc biéu thi bang phan
tram) hodc d6 phan tan xung quanh trung vi.

So d6 quy trinh lya chon nghién ctru dwoc
md td trong Hinh 1 (xin xem ban géc). Trong s6
234 bai bido dwoc danh gid du diéu kién, 36
nghién cru dwgc bao gbm va bao gobm 26 nghién
ctru 1am sang (xem Tép tin b6 sung 2: Bang S1)

va 14 nghién cru thir nghiém (xem thém tép 2:
Bang S2) [39-48]. Piém s6 Downs va Black lan
lwot la 20 + 2 va 18,5 + 0,5 cho cac nghién ctru
lam sang va thwc nghiém (xem tép tin b6 sung 2:
Bang S3). Hai mwoi nghién cttu lam sang da danh
gia cac bénh nhan thé may nghiém trong, nhitng
nguwdi dic biét bi nhiém trung phdi bénh vién
(viém khi quan lién quan dén mday thé (VAT)
hodc viém phéi do thé may (VAP)) hodc dwoc
thé may vi cac Iy do khac nhw bénh phdi tic
nghén man tinh, hdi chirng suy hé hip cap tinh
(ARDS) hoic cac loai nhiém tring dwong ho hip
khac. Sdu nghién ctru da dwoc thwc hién & nhitng
bénh nhin thé may ma khong mic bénh hiém
nghéo. Nhitng bénh nhin nay bi ung thw phdi
hodc dang trong giai doan hau phiu sau phau
thuat tim, bung hodc than kinh. Nghién ctru thuc
nghiém dwgc thuc hién trén heo con thong khi (9
trong s6 10 nghién ciu) hodc ché (1 trong 10
nghién ctru). Hai phan ba cac nghién ctru dwoc
dwa vao tong quan hé thdng nay la so sanh (25
trong s6 36 nghién ctru) (cac quan thé, thiét bi
hodc ky thuit sit dung khic nhau) va hau hét
khong dwoc chon ngiu nhién (18 trong s6 25
nghién ctru) va khong dwoc nghién ctru (21 trong
s6 25 nghién ctru). Chi cé 6 trong s6 36 nghién
ctru bao cdo tinh to4n kich thwéc mau, thay doi
tlr 5 dén 69 bénh nhin va tir 6 dén 36 dong vat
[15, 18, 20, 24, 34, 38]. Cung cap phéi dwoc danh
gia bang cach st dung cac ky thuat cAn bang khoi
lwong, 14y mau mo phdi, ky thudt chdn doan hinh
anh hodc dwoc dong hoc trong cac nghién ctiru
lan lwot 1a 9, 9, 10 va 16. Thudc quan tAm dwoc
chi tiét trong Bang 2.

Thuéc dat dén phian xa nhit cuia dwong thé
nhan tao

St dung ky thuat ciAn bang khdi lwong
(tic 1a rra bd day may thé), cac tac gia da bao
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cdo 22% dén 66% ND khang sinh dén dau xa cia
ong mé khi quan hodc 6ng noi khi quan [36, 39,
41, 46, 48]. Cac nghién ctru lang dong hinh anh
cho thay khi quan va phé quan lén dai dién cho vi
tri léng dong thuéc chinh (Hinh 2) [18, 25, 29, 35,
37]. Nghién ctru ctua Klockare et al. [24] da bao
cdo 49% ID thu6c phong xa dwoc lang dong
trong khi quan va phé quan chinh cta chin bénh
nhan bi bénh ndng trong khi 51% dwoc phan
phdi & ca hai phoi véi 14% & phé quan thuy va
phan thuy bang st dung chup cit lop phat xa
don photon két hop v&i chup cat 1ép phat xa don
may chup cat 16p (SPECT-CT).

Bdng 2. Cdc thudc quan tdm
Thudc

Khang sinh | Amikacin va amikacin sulfate [27,
28, 32,34, 39,40, 43, 44, 49],
colistin hodc colistimethate natri
[14, 16, 46], ceftazidime [38, 41,
42, 48, 49], pentamidine [21],
gentamycin [31, 36], tobramycin
[15, 25], vancomycin [31],
fosfomycin [32], imipenem [15]
hodc teicoplanin [45]

Panh diu
bang dong

Diethylenetriaminepentaacetic
acid [18, 24, 25, 29],

vi phong xa | pertechnetate [19], keo lvu huynh
technetium- | [19], albumin [22, 23, 35, 37] hoac
99 m fenoterol [20]

Thudc gidan | Albuterol [17, 30], fenoterol [20]

phé quan hodc ipratropium bromide [26,
33]
Khac Cisplatin [47]

AEROSOL DELIVERY DURING INVASIVE MECHANICAL VENTILATION

Cung cip khi dung dén phaoi

Liéu thudc cao nhit dwgc lang dong vao
phéi (tir ron phoi dén ngoai vi, 38% ND) di thu
dwoc bang cach sir dung 6ng hit ligu do (MDI) két
hop véi budng hit & doan noi chir Y [30]. Liéu
phéi tir 3 dén 7% ND va 1 dén 16% ND da dwoc
bdo cdo véi may phun khi dung phan lyc cung
lwong hang dinh (constant-output jet nebulizers)
[25, 29] va may phun khi dung phan lwc dong bd
hit vao (inspiratory synchronized) [19, 22, 23,
29, 37] trong khi bao cao 5% ND v&i mot may
phun khi dung siéu 4m cung lwong hang dinh
(constant-output ultrasonic nebulizer) [23]. Chi
c6 mot nghién ctru vé xa hinh danh gia viéc cung
cdp khi dung & bénh nhén st dung may phun khi
dung dang lwdi rung cung lwgng hang dinh
(constant-output vibrating-mesh nebulizer) va
do liéu phoi chi 10-15% ND [18].

Phan phdi khi dung giira hai phoi

Hai nghién cttu so sanh viéc st dung khi
dung bang cach sir dung mot may phun khi dung
cung lwgng hang dinh hodc nho giot (instillation)
truc ti€p vao 6ng noi khi quan da quan sat thiy
sw phan ph6i thudc dong nhat hon véi may phun
khi dung [15, 24]. St dung SPECT-CT, Klockare et
al. [24] do dwoc 33% va 17% ID thu6c danh dau
phéng xa & bén phai va phdi trai sau khi dung khi
dung so v&i 67% va 7% ID sau khi nhé giot
thu6éc. M6t sy phin phéi twong tw cta thudc
danh diu phéng xa dwgc do & ca phoi ciia bénh
nhan sau phau thuat thin kinh, véi xu hwéng ty
1é ling dong phdi phai/trai nhiéu hon (tir 1,39
dén 3,33) [18]. B6n nghién ctiru ghi nhian bénh
nhan bi bénh nghiém trong hoic sau phau thuat
sau phAu thuat tim h& da quan sat thiy suw ldng
dong phdi dwdi bén trai so v&i phoi phai [22-24,
37].
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Hinh dnh theo tw thé truéc sau khi stv dung xa hinh phdng dé ddnh gid ldng dong aerosol dwoc ddnh ddu
phéng xa & bénh nhdn dwoc ddt ndi khi qudn sau phdu thudt tim hé (tir Thomas va cong sw [37]) (a), mét
bénh nhén bi bénh nghiém trong do khi qudn (tir O'Riordan et al. 35]) (b) va ba bénh nhdn phdu thudt thdn
kinh dwoc ddt ndi khi qudn & ché dé kiém sodt thé tich (tir Dugernier va cong sw [18]) (c). Ngay cd khi hinh
dnh phéi cho thdy thuéc dang hit vao ngoai vi phdi, nhitng hinh dnh nay minh hoa rdng phdn Ién cdc thuéc
bi dnh huéng gidn nhw & dwong thé nhdn tao va ddc biét la & khi qudn va phé qudn Ién. Ldng dong cao
trong 6ng néi khi qudn, khi qudn va phé qudn chinh da dworc che ddu dé cdi thién dinh nghia phdi (a)

Sw xdm nhép hat khi dung vao phaoi

Ferrari va cong sw [41] da bao cao 10%
ND ceftazidime trong cAc mau bénh phdm duwédi
mang phdi (tirc 13, tiéu phé quan va phé nang)
ciia heo con khée manh trong khi 50% ND dwoc
ldng dong & khi quan va dwong thé gan. Nong do
amikacin twong tw dwoc do trong cdc mau bénh

phdm dwéi mang phdi tir cd hai phdi, cac thuy
khac nhau va cac vung phu thudc va khong phu
thudc tr thuy dwédi cia heo con khée manh vao
ngay dau tién dat noi khi quan [44]. Tuy nhién,
da gidm dang ké nong dé6 & cac vung phéi phu
thudc sau khi thé may kéo dai (50 dén 400 ug/g
sau 24 gio so v&i 20 dén 60 ug/g sau 72 gio thé
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may, p <0,05) [40]. Hon nita, nam nghién ctru
trén heo con bi nhiém bénh cho thdy gidm dang
ké sw ling dong khang sinh trong bénh phim
dwéi mang phéi cta vung phéi bi viém phé quan
phéi ndng dic treng béi mat théng khi 16m so vai
vung phoi dwoc suc khi mot phan véi viém phé
quan phoinhe [39, 42, 43, 46, 48].

Cac nghién ciru vé xa hinh sau phiu thuat
da bao cdo mot chi s6 tham nhip (ty 1& O/I binh
thwong héa) & nhirng bénh nhan tir 0,32 dén
0,75, trong d6 chi ra sw lang dong cha yéu [18,
37]. Tam nghién ctru dwoc dong hoc da bao cao
mot lwgng dang ké khang sinh trong dich tiét khi
quan va nong do dich 16t biéu mo (ELF) dang ké
[14, 15, 27, 28, 31, 32, 34, 36].

Sw bién thién trong lang dong phdi

Do bién thién cua lang dong phdi dao
dong tir 9 dén 62% CV trong cic nghién ctru vé
xa hinh bat ctr thiét bi nao dwoc sit dung (may
phun khi dung hodc thuéc dang hit dinh liéu)
[18-20, 22, 23, 29, 35, 37]. Dugernier et al. [18]
da bao cao su thay ddi lon vé ty 1& lang dong phdi
phai so véi trai (3,33 (0,7-5,38) trong VCV va
1,39 (0,91-2,05) trong PSV). Chi s& tham nhap
cling khac nhau gitta cac do6i twong véi CV
khoang 50% [18, 37]. Cac nghién ctru dwgc dong
hoc quan sat tir 14 dén 85% CV nong do khang
sinh trong dich tiét khi quan [31, 32, 34, 36] va
tlr 60 dén 91% CV trong ELF [14, 15, 27, 28].

Lang dong trong bo diy may thé, dwong thé
nhan tao va giitt & may phun khi dung

Muoi lam nghién cttu da do mirc do gitr
thu6c trong may phun khi dung va b6 diay may
thé [18, 22, 23, 29, 35, 37, 39, 41-46, 48, 49].
Khong c6 dit liéu vé mit aerosol véi MDI da dwgc

AEROSOL DELIVERY DURING INVASIVE MECHANICAL VENTILATION

mod ta. Liéu thudc dwoc gitr lai trong bé chira may
phun khi dung va manh T la khoang 50% ND vé&i
may phun khi dung, 15% dén 30% ND vé&i may
phun khi dung siéu 4m va 3% dén 10% ND véi
mady phun khi dung dang lwéi. Trong khi thudc
lang dong trong dwong thé nhan tao va/hodc khi
quan va phé quan chinh thay d6i tir 1 dén 27%
ND, thudc bi mic ket trong bd day may thé thay
doi tir 10% dén 44% ND. Mat thudc khi thé ra la
7 d&n 22% ND (Hinh 3).

Ky thuat dung

May phun khi dung dang luéi dwoc wu
tién hon may phun khi dung va may siéu am dé
cung cip khang sinh (Ian lwot 1a 50% so véi 18
va 32% cua cac nghién ctru khang sinh dang hit).
Lwdi rung va may phun khi dung siéu am da
chirng minh hiéu qua twong ty & 10 heo con
khée manh [41]. MOt mit, hiéu quad sau phau
thuat 1&6n hon cia may phun khi dung siéu am so
véi may phun khi dung phan lec dwoc dé xuit &
bay bénh nhan [23]. Mat khac, Lee et al. [26]
khéng bio cio hiéu qua cao hon d6i véi may
phun khi dung dang lwéi rung gan day so véi
may phun khi dung phan lyc théng thuwdong. Tuy
nhién, cac tac gid da do 46% ND trong manh T
clia may phun khi dung dang lwéi rung, dat cau
hoi vé hiéu qua cua né trong viéc tao ra cac hat
aerosol [26]. Két hgp m6t may phun khi dung vé&i
buong hit c6 thé lam tang dang ké liéu phoi, theo
dé xuit ctia nghién ctru vé xa hinh ctia Harvey et
al. [22] Viéc thuwc hién MDI trong bubng hit dat &
doan néi chir Y cho phép ting liéu gip 1,5 lan
dén 4 lan liéu thudc gidn phé quan phoi [20, 30].
Céc dic diém cta thé may trong khi diéu tri bang
khi dung dwgc trinh bay chi tiét trong Tép bb
sung 2: Bang S4. Hau hét cac dic diém khéng
dwoc bdo cao trong phan lén cac nghién ciru.
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Lang dong ngoai phdi biéu thi bang phdn trdm liéu danh nghia ctia thudc nebulized (Neb) trong thé mdy
xdm ldn. O’Riordan et al. [35] bdo cdo ty 1é phdn trdm thudc bi mdc ket trong éng noi khi qudn chi trong khi
hit vao (7% liéu danh nghia la cdc hat thé ra bi mdc ket trong khi thé ra). Diéu nay khéng dwoc phdn biét
trong cdc nghién ciru khdc. * Chi lang dong thudc & nhdnh hit vao, khéng bao gém nhdnh thé ra. Giiv thuéc
trong binh chitra mdy phun khi dung, mdnh T va doan néi chit Y. Lang dong thudc trong éng ndi khi qudn, khi

qudn va phé qudn chinh

Chi c6 nam nghién cttu 1am sang [14, 17,
18, 35, 49] bao cdo tit ca cac yéu td gy nhiéu
tiém nang chinh, trai ngwoc véi tit ca cac nghién
ctru thwe nghiém. Lu et al. [49] tiéu chuin hoa ki
thuit dung dé cung cip khang sinh dwong ho hip
& 20 bénh nhian mic VAP; mdt may phun khi
dung lwéi rung cung lwong hing dinh dwoc dit
trén nhanh hit vao & mic 10 cm cta doan néi
chit Y, cai diat may thd cu thé da dwoc str dung
(thé tich khi lwu thong 8 ml/kg, nhip thé 12
c/phit, ty 1&é L.E = 1/1, lwu lwong hit vao hang

dinh va thap hon 30 L/phut va tam dirng cudi thi
hit vao 20%), va hé thong lam 4m khong dworc st
dung, nhwng bé loc trao d6i nhiét va d6 am
(HME) da dwoc loai b6 khéi mach trong qua trinh
hit vao. S& dung ky thuit toi wu hda nay, cic tac
gia da quan sat 63% ND dén dau vao cia 6ng ndi
khi quan dwa trén ling dong ngoai phdi 37% ND.
Trong s6 cac yéu to lién quan dén thong khi,
Dugernier et al. [18] da chirng minh loi ich cta
théng khi kiém soat thé tich dé tang liéu phoi so
v(i kiéu thé tw nhién trong ho tre 4p luc (15,1 so
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voi 10,5% ND, p <0,05). Miller va cong su. [31]
do néng d6 khang sinh ting gip ba lan khi st
dung khi dung trong b6 day may thé& khé thay vi
bo didy may thé dwoc lam 4m (8.1 + 1.5 so véi 2.2
+ 0.4 ug/mL/mg, p <0,001). S dung helium thay
vi nito trong khi hit di dwoc tim thiy dé tang
noéng do ceftazidime trong bénh phdm phdi dudi
mang phéi cta lgn khée manh tir 383 + 84 vdi
N2-02 1én 576 + 141 pg/g voi He-02. Tuy nhién,
ndng do twong tw & cac phan doan phdi bi nhiém
bénh, bat ké khi hit vao [48].

Bai viét nay mo ta tong quan hé théng dau
tién d€ danh gia sw ldng dong in vivo cta thudc
khi dung trong qué trinh thé may xam l4n. Ling
dong phoi 38% ND di dwoc bao cdo véi thudc
dang hit dinh litu khong khac véi liéu dwoc bao
cao & cac doi twong thé tw nhién [50]. Tuy nhién,
sw lang dong phdi 1én dén 16% ND da dwoc bao
cdo v&i may phun khi dung, c6 kha nang bi suy
yéu do cac ky thuit sir dung khéng day du tao ra
sw mit khi dung dang ké trong bd diy may tho.
Lang dong phdi 1a rit khac nhau va chi yéu xay
ra trong dwong théd gan, theo loai thiét bi da
dwoc st dung. Mdc du nong do cao ctia khang
sinh nebulized do dwoc trong ELF cia bénh nhan
méc bénh (so véi tiém tinh mach) goi y viéc cung
c4p hiéu qua cho phé nang, sw ling dong & nhu
md phoi xa va cac viung phéi khac nhau chwa bao
gid dwoc dinh lwong toan dién & bénh nhan, dac
biét 1a & bénh nhan bi nhiém bénh khu vuec.

Liéu hit vao cao (1én dén 66% ND) da
dwoc khiu trir tir ky thuat can bang khoi lwgng
[36, 39, 41, 42, 44-46, 48]. ND cua khang sinh
dwong ho hiap dwoc dé xuit dé diéu tri VAP dwa
trén ty 1&é nay [49]. Tuy nhién, liéu phdi cé thé
dwoc danh gid qua cao do nhirng han ché vén c6
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cua ky thuat can bang khdi lwong, chi yéu bao
gom viéc rira khong hoan toan b day may thé va
khoi thudc. Thudc nhé giot tir dwong théd nhan
tao vao khi quan c6 thé dwgc dinh lwong nhw da
dwoc dwa vao phoi. Nhirng danh gid qua cao nay
c6 thé la ddng ké dic biét la khi may phun khi
dung gan véi bénh nhan (xem hinh 2).

C6 nhirng bao cio tir cac nghién ctiru vé do
lwong 1 - 16% ND thudc ling dong trong phdi
cta bénh nhin thé may bang may phun khi dung
[18-20, 22, 23, 29, 35, 37]. Méc du gidn phé quan
hiéu qua da dwoc quan sat véi lieu nhw vay [51,
52], dat dén mirc diéu tri khadng sinh c6 thé kho
khan hon. Céc gia tri nay thip so v&i bao cao &
bénh nhin thé tw nhién bang cach st dung cac
mo hinh twong tw may phun khi dung hoac may
rung lwéi (15 - 35% ND) [53-56]. Trong lich stt,
théng khi co hoc da dwoc coi la mot rao can déi
véi viéc van chuyén thudc [17, 29]. Tuy nhién,
ling dong phdi dwoc diéu hoa béi ky thuat st
dung. Mot két qua quan trong cia téng quan nay
12 hau hét cac nghién ctru ling dong in vivo da
dwogc thwc hién trudc khi nghién ctru in vitro
danh gia cac yéu t6 anh hwdng dén viéc truyén
khi dung trong qua trinh thé mday dwoc thuc
hién. Nhitng nghién ctu in vitro da bao céo liéu
hit vao dadng ké v&éi may phun khi dung (1én dén
45% ND) [57, 58], may phun khi dung siéu am
(Ién dén 25% ND) [59, 60] va may phun khi dung
dang lwdi rung (1én dén 72% ND) [61-64].

Nam yéu to sau day c6 kha nang giai thich
su lang dong thudc thip: hiéu qua kém cta may
phun khi dung [19, 22, 23, 37] (ID tir 10 dén 15%
ND dwgc bao cao trong in vitro [58, 65]) hoac
may phun khi dung siéu 4m v&i mot buéng dém
[23] (ID ctia 15% ND da bao cdo in vitro [60]), vi
tri khong day da trong bd didy may thé lam ting
sw ling dong trén nhanh hit vao khi dit may
phun khi dung cich xa bénh nhén [19] hodc mit
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khi dung & lwu lwong thé ra khi dat may phun
khi dung qua gan [18, 22, 23, 25, 29, 37] (dwéi 15
cm, ngay ca déi véi may phun khi dung phan lwc
dong bd hoda hit vao khi xem xét dong bd hoda
cham dwoc bao cdo in vitro [66]), viéc st dung
bd diy may thé dwoc lam am [22, 23, 37] va
khong c6 cac thiét 1ap may thé toi wu tiéu chuan.
Hon nita, cac yéu to lién quan dén bénh nhan (vi
du, COPD, ARDS, phAu thuit tim h&) ciing c6 thé
anh hwdong dén sy lang dong khi dung [19, 22,
23, 29, 37]. O’'Riordan et al. [35] da t6i wu héa ky
thuat st dung bang cach st dung may phun khi
dung phan lwc dong bd hoéa hit vao, nhw dwoc xac
dinh in vitro [31, 57, 58] va do liéu phoi cua
thu6c ddnh ddu dong vi phdng xa cho bénh nhan
thé may cao hon cac bdo cdo trong cac nghién
ctru khac vé xa hinh nhwng khéng dwoc thuc hién
chuin héa tdi wu (15% so véi 1-3% ND) [19, 22,
23,29, 35].

Mic du sy phin b6 déng nhit giira ca hai
phdi dd dwoc quan st thidy & nhitng bénh nhan
thé may c6 phdi khoe manh, c6 xu hwdng lang
dong phoi phai sinh 1y cao hon, nhw dwgc dé xuit
¢ nhirng ngwoi tinh nguyén khde manh [67, 68].
Nghién cttru xa hinh & bénh nhan bénh nang [24]
hodc bénh nhan trai qua phau thuat tim hé [22,
23, 37] bao céo lang dong phdi phai cao hon, c6
thé lién quan dén thong khi phoi trai bi suy yéu.
Cac nghién cru vé xa hinh bdo cdo sv ling dong
chinh trong dwong thé gan véi chi s6 thim nhép
dwdi 1 va ty 1€ 1o6n hon cta thudc phéng xa dwoc
lang dong trong khi quan va phé& quan 1én [18,
24, 37].

Tinh trang bénh ly cda phoi (ndat nhay
hodc ngwng tu viém [42, 43, 46, 48], xep phéi
[40], bién chirng sau phau thuat [22, 23, 37] hodc
chin thwong nguwc [38]) lam thay déi sw phan
phéi va thAm nhdp cta khi dung. Nhw dwoc
chirng minh béi Elman et al. [39], mit thong khi
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& vung phdi cang cao, ling dong khi dung cang
thap. Sy thAm nhip cta khi dung ciing bi anh
hwdng béi kich thwéc hat dac trung béi duwdng
kinh khi dong hoc khoi trung binh (MMAD) [69].
Tuy nhién, MMAD kém hon 3 pm dwgc do & dau
xa cta 6ng nodi khi quan trong hau hét cac nghién
ctru déu hd tro sw xam nhap tét cia khi dung [18,
23]. Lwu lwong thé cao thic ddy ca sy nhiéu loan
va s xung dong quan tinh (inertial impaction)
tang sw lang dong hat trong b diy may thé va
dwong thé gan, lam gidm sw phan phoi xa [62].
Kiém soat va gidm téc do lwu lwong hit vao va
giam nhiéu loan dong chay bang cich st dung
cac loai khi c6 mat d6 thap hon nhuw helium, lam
giam suw lwu gitr khi dung trong bé day may thé
trong cac nghién ctru lam sang [62, 70, 71] va
tang lang dong & dong vat thé véi phdi khoe
manh [48, 72].

Thudc khi dung c6 thé dén duwdng dan khi
xa, nhw dwgc dé xuit bdi nong dd khang sinh cao
hon trong cac mau bénh phdm dwéi mang phdi
dwgc mé xé tir heo con dwoc théd may (gip 3 dén
30 lan) [39, 42-44, 46] hoac trong ELF duogc 1y
tr BAL & bénh nhan véi VAP [14, 16, 38] thu
dwoc bang cach st dung dwong hit khi dung thay
vi tiém tinh mach. Hé thong phan phoi thudc phéi
(PDDS, Nektar Therapeutics, San Carlos, CA,
USA) 1a mét may phun khi dung dang lwéi déng
bo hoéa hit vao gin day dwoc thiét ké dac biét dé
cung cip amikacin sulfate dé diéu tri VAP. Hai
nghién ctru in vitro da chirng minh sy déng bo
héa chinh xac cia PDDS vi liéu hit vao tir 50 dén
72% ND [63, 64]. Nong d6 dinh cao ctia amikacin
thu dwogc trong dich tiét khi quan (2500 l4n [34])
va ELF (500 lan [27]) dwoc 14y tir cac khu vuc
bénh nhan bi nhiém VAP khi so sanh véi tiém
tinh mach [73, 74]. Tuy nhién, ca dich BAL hoac
hiat nodi khi quan déu c6 thé bi 6 nhiém béi dich
ti€t khi quan tip trung cao hodc cac hat bi anh
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hwéng trong long 6ng thong khi nhin tao. Khéng
c6 dit liéu hinh anh nao dwoc bdo cdo dé xac
nhan sw ldng dong aerosol t6t hon véi may phun
khi dung dang lwéi dong bd hoa hit vao so véi
may phun khi dung c6 sén.

Cac bac silam sang nén chd y dén sy bién
d6i cao gitra cac ddi twong cua su lang dong phdi
vé liéu phoi, phan phéi phéi phai va trai va thAm
nhip tir dwong hé hap trung tim dén ngoai vi
phdi. Giai thich c6 kha ndng bao gom thuc té la
MMAD khac nhau gitra cac may phun khi dung
cung loai va dic trung cho sy phan bd hat lang
dong qua dwong thé [58, 75]. Hon nita, ban than
bénh nhan khac nhau vé hinh thai, gidi phau
phdi, bénh ly phoi [76] va kiéu thé khéng chuan.
Tuy nhién, cadc nghién cttu in vitro da chirng
minh liéu hit vao thay doi trong khi thay d6i nhip
hoé hép, thoi gian hit vao, lvu lwgng hit vao va thé
tich khi lwu théng [58, 60, 62, 65, 70]. Nhitng han
ché ctia cic phwong phap danh gia lang dong
cling c6 thé lam thay doéi cac phép do nhw phac
thao phoi khong dat tiéu chudn dé phéan tich té
bao hoc, nhiém trung dich BAL hoic hit mAu ndi
khi quan va do BAL nho & cac phan doan phéi
khac nhau [14, 27, 32, 64].

Bd day may thé (10 - 43% ND) va, & mirc
do thap hon, dwong thé nhan tao, loc mot phan
dang ké cac hat phat ra, nhw dwgc dé xuit béi
MMAD cao hon dwoc do & cung lwgng cia may
phun khi dung so véi MMAD & diu xa cda dng
noi khi quan [23, 44]. Khi may phun khi dung
dwoc dat gan bénh nhin, dwong thé nhan tao sé
bay mot lwgng hat dang ké. Mot phan nhé cac hat
bi &nh hwdéng van con trong long trong cla dng
ndi khi quan trong khi phan 1én nhé vao khi
quan (va phé quan chinh bén phai), nhw dwoc
chirng minh béi 20 - 27% ND dwgc do trong cac
khu vuc nay bédi Dugernier et al. [18] Hién twong
nay rat quan trong, vi n6 c6 thé dan dén sy danh
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gid qua cao viéc cung cip phéi khi dung khi dwoc
wéc tinh thong qua ky thuat cAn bang khéi lwong.
Nguwoc lai, cAc nghién ctru lang dong phong xa
cho phép hinh dung chinh xac vi tri ling dong
aerosol.

Bdng 3

Khuyén nghi thwc té€ dé cdi thién lang dong thudc
dang hit véi mdy phun khi dung

S dung mdy phun khi dung dang lwéi rung véi
kha nang gitt thudc toi thiéu va khéng cé nguy co
bién tinh protein nhw quan sat vé¢i may phun khi
dung siéu am [18, 27, 28, 34, 41]

Khuyén cdo may phun khi dung dong bo héa hit
vao [27, 28, 31, 35]

Két hgp budng hit véi may phun khi dung cung
lwong hdng dinh (s& dwoc xac nhan trong cac
nghién ctru tiép theo) [22]

Tao cac hat aerosol trong moét bd day may thé
kho [31]

Kiém soat ki€u thé (Tinsp/Tror cao, lwu lwong

thé thap) & ché do diéu khién thé tich [18]
St dung hon hop khi heli-oxy lam khi hit [48]

Hau hét cac nghién ctiru da tap trung vao
khang sinh dwong ho hap, doi hdi mét ky thuat
quan ly nghiém ngdt véi may phun khi dung. M6t
s6 phwong phdp dé cai thién viéc dwa khi dung
vao phdi did dwoc nhdn manh trong téng quan hé
théng nay, nhw da dwoc chitng minh in vitro
(Bang 3) [6]. Trong thr nghiém giai doan II ctia
ho, Lu et al. [49] t6i wu héa k§ thudt s dung
bang cach st dung mau danh sach kiém tra. Cac
tac gid da tim thay két qua tha vi & 20 bénh nhan
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méc VAP khi dung amikacin va ceftazidime dang
hit ma khong can diéu tri bing dwong tinh mach
so voi 20 bénh nhan bi VAP dung khang sinh
tiém tinh mach. Twong tw diéu tri lam sang va ty
1& bdi nhiém véi cac vi sinh vat khac va diéu tri
thanh céng cho bénh nhan nhiém cac ching
trung gian trong nhém khi dung, dé nghi cung
cap khang sinh hiéu qua dén vi tri phéi bi nhiém
trung [49]. Khong c6 danh gid lang dong aerosol
in vivo dwoc thwc hién trong nghién ctru nay dé
lién két ky thuit aerosol dwoc tdi wu hoa dé cai
thién lang dong va két qua 1am sang.

Ky thuit s dung khic nhau rit nhiéu
trong so tit ca cac nghién cru 1am sang danh gia
lang dong phdi in vivo. Pang ch ¥, cac thiét 1ap
may thé khong dwoc tiéu chudn héa va khac
nhau gilta cac bénh nhan trong cac nghién ctru
do, khong giéng nhu trong nghién ctru cta Lu et
al. [49] Cac khao sat qudc té gan day da bao cao
rang cac khuyén nghi dé cai thién viéc cung cip
khi dung thwong khéng dwoc ton trong trong
thyc té hién nay do khong du kién thirc va khong
c6 giao thirc chuln héa. [1, 77] Xem xét ky thuét
st dung néu ra nhirng han ché dé 4p dung kién
thirc khoa hoc hién tai clia cic nha diéu tra.
Nhiéu yéu t6 dnh huwdng dén suw lang dong phdi
v&i may phun khi dung c6 sin rat khé kiém soat
trong thwc hanh théng thwong nhw lo ngai vé tai
chinh theo loai may phun khi dung (vi du, may
phun khi dung dé€ cung cip khang sinh), thiét lap
may thé can thiét dé thong khi day du, truyén
thudc an thin dé thich nghi bénh nhan véi may
thé (dac biét 1a cho viéc phun khi dung déng bd
kéo dai hodc st dung thudc thwong xuyén), st
dung hé théng lam 4m va 4m & nhitng bénh nhin
mic ARDS hodc COPD, mit thé ra do lwu lwong
thién vi (bias flow) bi c6 dinh b&i nha san xuat
trong hau hét cac may thé va dong chay roi loan
cao do cac thanh phan ctia bd diy may thé, trong

dwong thé nhan tao va khi quan. Nhirng loi thé
tiém nang cda viéc dong bd hoda chinh xac (nghia
la vi tri gdn nhat cia mday phun khi dung véi
bénh nhan) cua may phun khi dung dang lwéi
déng b hda hit vao méi néi la mot s6 khi so sdnh
v(i tat ca cac may phun khi dung cé san: liéu hit
vao cao hon théng qua tac dong t6i thiéu dén bo
diy may thé va mit thé ra toi thiéu, kha niang
twong thich cia may thé (cai dit may thé, luu
lwgng thién vi, cic thanh phan ctia mach va dé
4m 4m) va khong can ngat két n6i bd diy may
thé (loai bd bo loc hodc loai bé khi dung) va do
dé, gidm nguy co mit huy déng phé nang. Cac
may phun khi dung dang lwéi dong bdé hoa hit
vao nguyén mau nay cé thé gitip chuin héa mot
k{7 thudt st dung hiéu qua, an toan va kha thi.

Cac muc tiéu trong twong lai trong linh
vuwc ndy bao gobm danh gia sw ling dong trong
phéi va ngoai phoi dé xac dinh va tiéu chuin hda
ky thuit st dung (tic 1a, cé can thiét phai diéu
chinh cac dic diém thong khi co hoc hay khong).
Céc nghién ctru lang dong phéi & ngwdi nén dwoc
thic diy nhw 1a mot ciu néi gitva cac nghién ctru
vé hiéu qua 1am sang va in vitro [78]. Trong khi
cac nghién cru dwoc dong hoc chi gi¢i han trong
viéc danh gia lang dong toan bo phdi, cAc nghién
ctru vé xa hinh c6 thé gitp danh gia sw lang dong
ctia khi dung & cac vi tri khac nhau tir b day may
thé dén bénh nhan. Két hop chup cit 1¢p vi tinh
dd phan gidi cao (CT) véi thu thap SPECT-CT c6
thé cung cip thong tin cin thiét vé ling dong
phdi giai phau khu vwc (phan tich thuy). Tuy
nhién, cin phai thdo luin vé phoi nhiém phéng
xa [79]. Cac nghién ctu ti€p theo la can thiét dé
kiém tra cac thiét bi m&i ndi (vi dy, may phun khi
dung dong bd hda hit vao, thudc dang hit va
buong dém khd), cong thirc thuéc méi (vi du,
cong thirc liposome dang hit hodc hat nano) va
cac chit chdng nhiém trung (vi du, khang thé,
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phages). Cic nghién ctru nham phat trién y hoc
ca nhan hoéa c6 thé cung cip kha ning xac nhin
kha nang tiép cdn dwong thé xa, ddc biét la & khu
viec bénh ly (phdi khde manh so v&i phéi bi
nhiém trung hodc nhiém trung khu tri va nhiém
trung lan tda).

Tong quan hé théng nay c6 médt s6 han
ché c6 hiru d6i véi tinh khong dong nhat cua cac
nghién ctru. Pau tién, so sdnh toc dd phan phéi
phéi gitra cac nghién ctru rat phirc tap do cac dac
diém khac nhau anh huwdng dén viéc cung cap khi
dung: dan s6 (ngwoi va dong vat, phéi khoe va
thay do6i bénh ly & phoi), thiét bi khi dung, tinh
chat khi dong hoc hodc héa ly ctia thudc dang hit
va cac phwong phap danh gia lang dong [6, 76].
bac diém thong khi co hoc cling khac nhau gitra
cac nghién ctru do sv tién hda trong quan ly bénh
nhan thé may (cai dat may thd va bd day may
thé) trong 30 ndm qua va khéng cé ky thuat
phéan phoi chuin. Th hai, két qua tlr cac nghién
clru véi c& mau nhé rit nhay cdm véi cac yéu to
gay nhiéu. Cac yéu t6 giy nhiéu da dwoc md ta
mot phan va hau hét cac nghién ciru khong tinh
dwoc c& miu can thiét. C& miu nhé cua cac
nghién cru dwoc dwa vao téng quan nay cé thé
da gép phan vao sy thay ddi trong lang dong
phdi dwoc quan sat cing véi cac yéu to gy nhiéu
nay.

Cung cip khi dung cho bénh nhin thé
may dia dwoc cai thién trong sudt nhitng nam
qua. Tuy nhién, sw ldng dong phoi thap hon 20%
ND da dwoc bao cao véi may phun khi dung do
diéu kién dwdi mirc téi wu giy ra sw mat khi
dung cao trong b6 diy may thé do hau hét cac
nghién ctru lang dong khong két hop kién thirc
khoa hoc sau dé thu dwoc tir cac nghién ctru in
vitro. Hon nira, hau hét cadc nghién ctu cho thiy
ty 1& lang dong phd6i rat khac nhau vé liéu lwong
va vi tri. M6t s6 yéu t6 lién quan dén doi twong
hodc thong khi co hoc khong thé kiém soat dwoc
c6 1& la nguyén nhan cta sw khong dong nhit
nay. Ky thuat st dung v&éi may phun khi dung
nén dworc cai thién & bénh nhan thé may véi muc
tiéu cudi cuing 1a ddm bao mot ky thuat hiéu qua
nhwng an toan, kha thi va c6 thé tai tao. Cac ky
thuit nebulization t6i wu hoa hién dai nén dwoc
kiém tra bang cach sir dung cac kj thuat hinh anh
dé€ x4c nhan su ling dong xa dang ké, ngay ca &
cac vung phéi bi nhiém bénh, nhw da dwoc bao
cao trong cac nghién cru dwgc déng hoc va deé
xuat trong cac nghién ctru pha Il.
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