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Vai trd clia chi s6 SVO, trong tién lugng hoi stic b
dich ¢ bénh nhan phau thuat tim cé nguy co cao
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TOM TAT

Muc tiéu: (1) Nghién cdu sy bién thién
gid tri SVO, trong diéu tri bu thé tich & bénh
nhén sau mé tim; (2) Panh gié vai trd tién
lugng cua chi s6 SVO,_véi dép ting bu dich &
bénh nhan sau mé tim.

Phuong phap: Nghién cttu ngiu nhién ¢
nhiing bénh nhén héi stic c6 biéu hién giam
thé tich tuin hoan trén lam sang & giai doan
sém sau md tim. Diéu tri bu thé dudi huéng
dan béi nhiing bién déi gid tri dp luc dong
mach phdi bit (PAWP) hoac ap luc tinh mach
trung tdim (CVP). Bap dng bu dich la duong
tinh khi chi s6 tim CI ting thém >15%. Cac
thong s6 huyét dong nhu phéan suit tong mau
thét trai LVEF, cung luong tim CI, va chi s6
dénh gid kha nang van chuyén oxy DO, ciing
dugc ghi nhin cung vao cic thoi diém ldy mau
mau dé do ludng SVO,.

Két qua: C6 110 bénh nhin dugc diéu tri
bu dich sau mé. Gid tri SVO, bién thién ting
lén & 104 bénh nhan c6 dap tng bu dich duong
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tinh (CI ting >15% so véi truc md) va 06
bénh nhéin c6 ddp tng bu dich am tinh. Cac
thong s6 huyét dong vé EF, Cl,va chi s6 DO,
cting cai thién t6t hon 6 nhém bénh cé dap tng
bu dich duong tinh (p = 0.005). Dién tich bén
duéi dusng ROC chi diém bién thién gid tri
SVO, véi dap ting bu dich 120,78(p = 0.05), véi
diém cat t6i vu la 2%. Gid tri S\_/O2 bién thién
tang phan dnh sy cai thién tang CI véi dép ting
bu dich & 66,7% s6 bénh nhan.

Két luan:Sy bién thién gid tri SVO,ting
lén > 2% la chi diém dé theo doi dap tng bu
dich 6 bénh nhan sau mé tim cé d4u hiéu thiéu
khoi lugng tuan hoan, dic biét 1a nhing bénh
nhén c¢6 réi loan chiic ning tim thu. Ddp ung
bu dich cang gép phan lam tang kha nang cung
cdp oxy cua co thé.

DE\T VAN BE
Giam thé tich tudn hoan 1a bién c6 thuong
xay ra 6 nhiing bénh nhan sau mé tim, c6 thé

anh huéng lam giam cung lugng tim va cung
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cdp oxy cho mo. Viéc diéu tri t6i uu huyét dong
cho bénh nhan sau mé tim trong giai doan hoi
stic va han ché bién chiing trong d¢ liéu phap
bu dich c6 vai tro quan trong va nhat 1a tranh
bu dich quéd nhiéu cé thé lam xdu tinh trang
huyét dong [1], [2], [3] [4]. Céc chi diém dép
tng bt dich truéc diy, bing cich theo doi dép
Ung ting cung lugng tim khi lam thay déi tién
ganh, bao gom cac thong s6 huyét dong cac chi
s6 nhu dp lyc tinh mach trung tim CVP hoic
&p luc dong mach phéi bit PAWP[4], [,8]. Tuy
nhién, cic gia tri ap luc d6 day nay van cd sai s6,
dac biét doi v6i nhiing bénh nhéin thé méy, do
bi anh huéng bdi tac dong cta ap luc duong ths
[5]. Bao hoa oxy méu tinh mach trén SVO, la
mot chi diém vé huyét dong it chiu anh hudéng
béi cac tic dong noi trén nhung phan anh kha
chinh xdc chi s6 tién ganh nay.

Gid tri cua chi s6 SVO, thdp thudng lién
quan dén nhiing bién chiing sau m3. Viéc theo
doi lién tuc SVO, gitip diéu chinh t8i vu cung
lugng tim CI va kha nang van chuyén oxy DO,
dap tng nhu cdu cho mo (tiéu thy oxy VO,)
sau phau thuit tim. St dung cic phuong tién
diéu tri nhu bu dich, truyén mau va cic thuée
van mach dé céi thién gia tri S\_/O2 va cai thién
két qua diéu tri[1], [2], [3], [S], [7]. Gia tri
SVO, khong chi gitip tién lugng va theo doi dédp
tng b dich ma con 1a chi diém d4u tién gitp
cai thién tinh trang oxy héa 6 mé. Cac truong
hop gidm néng d6 hemoglobin do pha loang
mdu, gidm bao hoa oxy mdu dong mach SaO,
do quad tai dich hoac tang tiéu thu oxy déu la
nhing yéu t6 anh hudng lam giam gid tri SVO,
phan énh tinh trang cung lugng tim [3], [5]
[11]. Nhiing bénh nhan bi tén thuong chiic
nang tim va giam cung lugng tim thi cang giam

kha nang dap ing bu dich. Do d¢, viéc theo doi

gid tri SVO, cang c6 gid tri § nhitng bénh nhan
c6 chtic ning tim bi tén thuong [7]. Chinh vily
do d¢, ching t6i tién hanh nghién ctu vai tro
cua S\_/O2 trong viéc tién lugng va theo doi dap
ung bu dich ¢ nhiing bénh nhén giai doan sau
m& tim vSi hai muc tiéu:

- Nghién cttu sy bién thién gia tri bao hoa
oxy mau tinh mach tron S\_/O2 trong diéu tri bu
thé tich tuin hoan ¢ bénh nhin phau thuit tim
cd nguy co cao;

- Dénh gid vai tro chi s6 SVO, trong tién
luong dap ting bu dich 6 bénh nhan sau mé tim.

oI TUONG VA PHUONG PHAP NGHIEN CUU
Phuong phap nghién ciu

Dbay la nghién ctu tién ctu, ngau nhién
danh gid hiéu qua st dung liéu phap bu thé tich
tudn hoan. Trong qud trinh phau thuat, cic
bénh nhan dugc chim sdc va diéu tri bai cic
bdc si gy mé hai stic tim mach theo mot phéc
do diéu tri héi stic huyét dong ctia Trung tim
Tim mach, Bénh vién Trung uong Hué [4].
Doi tugng nghién ciu

Chung t6i tién hanh nghién cttu phan tich
hiéu qua st dung liéu phap bu thé tich tuan
hoan duéi huéng dan béi cac thong s6 huyét
dong do bdi catheter dong mach phdi trén 110
bénh nhan phiu thuit tim c6 st dung hoic
khong c6 stt dung tudn hoan ngoai co thé.

Catheter dong mach phdi dugc stt dung
thudng quy dé theo doi va do luong cac thong
s6 huyét dong nhu ap lyc tinh mach trung tam
CVP, ap luc dong mach phai PAP, ap lyc dong
mach phéi bit PAWP, va cung lugng tim CO
va CI cho cic bénh nhidn mé tim tai Trung tim
Tim mach, Bénh vién Trung vong Hué.

Liéu phap bu thé tich tudn hoan dugc tién
hanh bang cach stt dung cac dung dich cao phéan
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tti gelatin 4% (Gelofusine), hydroxyethylstarch
6% (Hemohes, B/Braun,Germany) hoic ché
phdm mau nhu huyét tuong tuci dong lanh,
hong cau khéi muyc dich bu thé tich tuan hoan
doéng thoi cung cdp thém yéu t6 dong mau va
héng cdu trudng hop can thiét [4].
Tiéu chudn chon bénh

Tuyén chon va dua vao nghién ctiu nhiing
bénh nhén diéu tri tai phong hoi stic sau mé tim
c6 giam thé tich tudn hoan can dugc thyc hién
liéu phép bu dich véi cac tiéu chudn:

- Huyét ap trung binh MAP < 60 mmHg

- Ap luc tinh mach trung tim CVP
<4mmHg

- Ap lyc dong mach phéi bit < 6mmHg

- Cung luong tim giam CI < 2,2L/min/
m?[4].
Tiéu chudn logi trie

- Tudbi< 16 tudi

- Di ting v6i cdc thanh phan cta cic dung
dich cao phén tu
Quy trinh nghién citu

Bit ddu quy trinh nghién ctu khi tiép
nhin cdc bénh nhén tai phong mé tim (T )
va cac thoi diém gis thd 2 (TZ); gio thu 8
(T,) va trudc khi rat catheter dong mach
phéi (T ) tai phong héi siic sau mé tim,
va do luong va ghi nhén gid tri cic thong s6
huyét dong sau:

- Huyét 4p dong mach trung binh MAP
qua catheter trong dong mach quay;

- Ap lyc tinh mach trung tdim CVP qua 16
bén cua catheter Swan-Ganz;

- Ap luc dong mach phdéi bit PAWP do
qua 16 xa cua catheter Swan-Ganz;

- Cung lugng tim CO va CI do theo
phuong phép pha loang nhiét do;

- Chi s6 bao hoa oxy mau tinh mach tron

NGHIEN CUU LAM SANG

SVO, do ludng bang céch ldy mdu dong mach
phdi qualé xa ctia catheter Swan-Ganz réi dem
phan tich khi mau.

- Tinh chi s6 van chuyén oxy:
DO,=COx1,38xHbx 520, x 10.

- Tinh chi s6 tiéu thu oxy:
VO,=COxHbx13,8 (Sa0, - SVO,).

- Phén sudt tong mau that trdi EF do bang
siéu dm tim qua thanh nguc.

Ghi nh4n cdc phuong tién dé hoéi stc
huyét dong va cac két qua diéu tri vao cic thoi
diém do ludng cic thong s6 huyét dong noi
trén nhu sau:

- Thé tich dung dich dé thuc hién liéu
phép bt thé tich tudn hoan

- Lugng mdu st dung d¢ dam bao nong
do Hb sau mé >8g/dL

Liéu phép bu thé tich tudn hoan dugc tién
hanh sau khi do luong cac thong s6 huyét dong va
theo doi lién tyc ddp ting huyét dong trong suét
qud trinh thyc hién liéu phap dic biét ddm bao an
toan liéu phdp truyén dich theo cc tiéu chudn sau:

- Theo déi ap luc d6 day khong vuot
qua giéi han cho phép CVP<10; PAWP<14
mmHg([4].

- Lugng duong dich thuic hién liéu phap <
1800ml.

- Déng thoi stt dung thudc vAn mach theo
phac dé [4].

KET QUA NGHIEN CUU
Pic diém nhém nghién ciu

Cé 104 bénh nhan (94.5%) dép tng cai
thién cung lugng tim CI (T ) ting thém>15%
so véi true bu dich (T,). Bang 3.1 va céc biéu
do sau trinh bay nhing nguy co ctia 2 nhém
bénh nhin c¢6 ddp tng va nhém bénh nhin

khong cé dap ting véi liéu phap bu thé tich.
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Bdng 1.Cdc yéu t6 nguy co trudc phdu thudt tim

Yéu t6 nguy co n %
Suy tim trudc mé (NYHA.IIIV) 91 79,82
Phan sudt tong mau giam EF < 50% (max - min) 37 32,46
Tang &p phéinang PASP > 55 mmHg Iy 13,16
Nhoi méu co tim mdi trong vong 90 ngay 4 3,51
Bénh Iy kem c6 tén thuong chiic ning co quan (than, gan) 10 8,77
Tudi > 60t 16 13,16

Nhdn xét: Da s6 bénh nhan c6 suy tim
ning trudc méS chiém 79,82%; Suy tang (than,
gan) / bénh ly tim chiém ty 1¢ 8.77%; Bénh ly
tim mach gy gidm chitic ning thét trdi 1a ddng
ké chiém ty 1¢ 32,46%, va ting ap phdi ning >
55 mmHg chiém ty ¢ 13,16%; Mot s6 it bénh
nhin nho6i mau co tim mdi cé nguy co de doa tu
vong; Ty 1é bénh nhén gia > 60 tudi chiém ty 1¢
dang k€ 13,16%;

11.40% 4'3%

#KhongYTNC #1YTNC #2YTNC «43YTNC w=4YTNC

Biéu do 1. Cdc yéu t6 nguy co do bénh 1y ngng

Nhdn xét: Da s6 cdc bénh nhan c6 tu 1
(32,46%), dén 2 YTINC (34,21%); Nhiing
bénh nhin c¢6 3 YINC ciing chiém ty 1¢ ding
ké (11.40%);
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Nhén xét: Da s6 bénh nhin dudc chi dinh
phau thuét diéu tri bénh ly van tim trong d6 can
thiép phau thudt dong thoi 02 van tim tré lén
chiém ty 1¢ 29.17%; mét s6 bénh nhan nguy co do
phéu thuit tim 14n 2, lan 3; phau thuit can thiép >
02 cdu ndi dong mach vanh hodc can thiép vira van
tim va bac cdu dong mach vanh chiém ty 1¢ thap.
Bién thién gia tri SVO2 va cic thong sé huyét
dong véi dap dng bu dich
Bdng 2. Bién thién gid tri ciia cdc thong so huyét
dong sau diéu tri bir dich

Thong sé Cl tang >15%; CI < 15%;
huyét dong (n=104) (n=6)
MAP (T,) 668:101 | Lo | 6617101
MAP (T ,) 72,7£128 | 0001 | 749473
CVP(T,) 7,4+3,6 p< 6,8+2,9
CVP(T,) 61231 | 005 1 72412
PAWP (T,) 132647 | o | 135559
PAWP (T ) 8729 | 001 | 88:74
CI(T,) 1,70,5 p< 2,4+0,7
CI(T,) 31207 | 005 1 20206
SVO,(T,) 63,8477 p< 78,6+7,3
SVO(T,) 6952115 | 0001 1 4705115
EF (T,) 52,4486 p< 58,3+6,3
EF(T,) 5§5,9+7,9 001 | 61718
Lugng dichbir | 927,9:4664 1050,4549,6
Truyénmiu | 1669+258,6 250,0£273,8
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Bdng 3. Bién thién gid tri ciia cdc chi s6 oxy hda
sau diéu tri by dich

! Cl tang >15%; CI < 15%;
hi s6 h¢
Chi 56 oxy héa (n=104) (n=6)
SaOz(TO) 99,9+0,3 99,9+0,2
p<0,01
Sa0, (Toﬁ.) 98,4+1,6 98,9+0,9
SVO, (TO) 63,8+7,7 58,6+7,3
o p<0,001
SVO, (Tog) 69,5£11,5 59,9+11,5
Hb (T 13,1+1,6 13,0£2,9
p<0,01
Hb (TOE) 10,4+1,3 72%1,2
DO, (TO) 452+150 629+221
p<0,001
DO, (TOE) 658+173 533+184
VO_I (TO) 75,9+24,5 83,9+159
p<0,001
VOZI(TOﬂ.) 180,1+62,4 152,4£49 4

Nhdn xét: O thai diém két thic nghién ctu
(T,,), gid tri cdc thong s6 huyét dong CI va EF
13 cdi thién r6 & nhém bénh nhan c¢6 dap tng bu
dich duong tinh. Diéu tri bu dich lam tang cung
lugng tim CI, ting phan sudt tong méau va chi
s6 van chuyén oxy DO, 6 nhém bénh nhan c6
dap ting vé6i bu dich, va lam ting huyét ép dong
mach trung binh MAP, cai thién céc gia tri ap luc
dé ddy nhu CVP va PAWP & ca 2 nhém bénh
nhéan c6 hodc khong cé dép ting véi liéu phap
bt dich(bang 2 va 3). Diéu tri bu dich lam ting
dang ké gia tri SVO, 6 nhém c6 dap ting duong
tinh hon so v6i nhém khong dap ting.

Duong cong ROC
Bdng 4. Dién tich duong cong ROC vdi cdc miic dy
dodn ddp ting bix dich

AUC | p S;; Sens. | Spec. | PPV | NPV
SVO, 0,586 045
AS\_/O2 0,779 10,01 | 2 |7944| 7514 | 86,6 | 554
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ddp 1ing bis dich

Nhdn xét: Duong cong ROC biéu dién
bién thién gid tri SVO,véi dép ing bu dich1a c6
y nghia dang kéva sy khdc biét nay c6 y nghia
théng ké (p =0,01).

BAN l“l:\“
Bién thién chi s6 SVO, trong diéu tri bu thé
tich tuan hoan

Nghién cttu cho thdy khi gid tri SVO, bién
thién tang > 2% trong qua trinh diéu tri bu dich
cho nhiing bénh nhan sau mé tim la chi diém

dap ung bu dich, mac du qua trinh bu dich lam

TAP CHI TIM MACH HOC VIET NAM - SO 73.2016| 49



NGHIEN CUU LAM SANG

phaloang méu (gidm néng d6 Hb) valam ting
tieu thu oxy VO, do dé xu huéng lam giam
SVO, [6,9]. biéu tri bu dich dugc cin nhic
tuy bénh canh lam sang va khong phai tit ca
cac bénh nhan déu dap tng véi diéu tri bu dich
(bang 2). S6 liéu nghién ctiu ching té diéu tri
bu dich khong phai la nguyén nhéan gay tang p
phdi hoac giy qua tai dich that phai vi gid tri
PAWP khong bao gi¢ vugt qua 1SmmHg. Tuy
nhién gid tri PAWP hoi cao ¢ nhiing bénh nhén
c6 gia tri EF thdp so v6i bénh nhéan c6é EF binh
thudng, vi vay van cé nhiing bénh nhan biéu
hién ting hau ganh va réi loan chic nang that
phéi. Tuong ty nhu vay ciing c¢6 nhiing bénh
nhéin c6 biéu hién ting tién ganh thit trai véi
gia tri MAP ting cao kém véi EF giam théap
trong nhom nghién ctiu ctia ching toi.

Theo doéi bao hoa oxy méu tinh mach tron
S\_/O2 6 vai trd quan trong tuong tu véi theo
déi ap luc dong mach phéibit PAWP trong qua
trinh diéu tri va danh gia dap ung bu thé tich
tudn hoan. Hon nita, chi s6 SVO, 13 chi diém
truc ti€p qua trinh oxy hoa va dap tng tién
génh. Theo doi SVO, c6 gié tri cang chinh xic
khi cdc bién s6 anh huong gid tri SVO, nhu Hb,
Sa0,, CO phai trong gi6i han cho phép [3, 9,
11].Chung téi cho thdy su bién thién ting gid
tri SVO, dugc xem 1a mét phuong tién theo doi
dap tng bu dich ¢ bénh nhéin suy tim va két
qua nay tuong tu véi nghién ctu cta Giraud
va cong su [12]. Chung toi tim thdy ring khi
gid tri SVO, ting > 2% c6 y nghia chi diém dép
tng bu dich trong khi gid tri nay trong nghién
ctu ctia Giraud la 7%. Mot nghién ctu khac
ctia Inomata va cong sy [8] chiing minh ¢6
modi tuong quan thudn gita sy bién thién ting
gid tri SVO, va cung lugng tim CI do bing loai
catheter dong mach phdi c6 tich hgp soi quang

hoc. Tuy nhién, nghién cttu nay tién hanh chi
trong thoi gian mé tim va day thuongla khoang
thoi gian khong dac hiéu véi diéu tri bu dich ma
chiu anh huéng rit nhiéu yéu t6 khic do thao
tac phau thuét gay ra.
Lién quan giia S$VO, v6i cic thong s6 huyét
dong khic trong dap dng bu dich

Két qua nghién cttu cho thay bién thién ting
SVO, & nhiing bénh nhén c6 dap ting bu dich
duong tinh lam cai thién ro6 gia tri cung luong
tim CI (p < 0,05, bang 2), duong nhién kém véi
diéu kién gid trj cac chi s6 Hb, SaO,, VO, phai
trong gi6i han cho phép [6,7,10]. Ngugc lai,
nghién ctiu cua Viale va cong sy [13,15] khong
thdy méi tuong quan gitia cdc gid trj CIva SVO,
trong giai doan 3 gi¢ ddu tién & bénh nhan sau
m& van dong mach cht, mic du c6 méi tuong
quan nay trong qud trinh phau thuat. T4c gia két
lu4n khong cé tuong quan do sy gia ting dong
thai gid tri cta chi s6 tiéu thy oxy VO,, ma dinh
diém la vao thoi diém gio thit 2 sau mé khi ma
bénh nhan bit dau hoi tinh va chiu tic dung
dau dén do phau thuit lam ting tiéu thy oxy.
Nghién ctiu ctia ching t6i kéo dai cho dén khi
huyét dong ngusi bénh 6n dinh vi vay c6 nhu
cau oxy 6n dinh hon. Mit khac, taing dong thoi
ca 2 chisé cung cap oxy DO, va tiéu thu oxy VO,
gidi thich vi sao gid tri cta chi s6 SVO, khong bi
bién déi trong qud trinh diéu tri bu dich. Gid tri
ctia chi s6 tiéu thy oxy VO, 6 nhém bénh nhan
c6 dap ung bu dich duong tinh hodc dm tinh
cang la chi diém thich hgp vé nhu cdu oxy. Chi
s6 VO, bién thién gia ting trong qua trinh diéu
tri bt dich nhung ching t6i khong cho ring diéu
nay lién quan dén cong tiéu thy ctia tim do sy gia
tang MAP va vi vay lam tang thé tich nhat bép
ctia tim, nhét Ia khi cung lugng tim CI van khong
thay d6i 6 nhom bénh nhan c6 dap ung bu dich
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am tinh; hon la cho ring c6 cai thién qua trinh
oxy héa & mé ngoai vi.

Nghién ctiu nay van con nhiing diéu han
ché. Chung t6i chi thuc hién nghién ctu trén
bénh nhan mé tim va vi viy két qua nghién ctu
c6 thé khong ap dung dugc & bénh nhan nhiém
khudn hoac bénh nhan bi chin thuong. D€ do
lugng gid tri SVO, van phai doi hoi dat catheter
dong mach phdéila mét ky thudt xdm lan doi hoi

cham s6c ky va nguy co bién chiing c6 thé xay ra.

KET LUAN

Qua nhién ctu st dung ky thuit do ludng
bao hoa oxy méu tinh mach tron SVO, trén 112
bénh nhan phau thuit tim, chung t6i c6 mot s6

két luin nhu sau:

NGHIEN CUU LAM SANG

- Bién thién gia tang gid tri SVO,> 2% la
chi diém tién lugng dap ting cta cung luong
tim (CI)véi diéu tri bu thé tich tuin hoan véi
muc dich cai thién viéc cung cdp oxy (DOZ)
cho mo, dic biét c6 y nghia khi bénh nhéan c6
t6n thuong chiic nang tim thu (EF giam thip)
ma c6 biéu hién gidm thé tich tudn hoan & giai
doan sau m& tim.

- Cé su cai thién cung lugng tim CI (p <
0,05) cung véi bién thién ting lén cua gid tri
SVO, trong qué trinh diéu tri bu thé tich tudn
hoan. Ngay cakhi chi sé SVO, khong tién lugng
dugc dap ting bu dich, thi viéc theo doi gid tri
SVO, cang g6p phin danh gid sy cai thién chiic
nang tim nho 1a chi diém sy cai thién oxy héa
DO, & ngudi bénh.

STUDY OF ROLES OF S\_/O2 INDEX FOR PREDICTING OF FLUID RESPONSIVENESS IN
HIGH RISK CARDIAC SURGICAL PATIENTS
Doan Duc Hoang*, Bui Duc Phu*, Huynh Van Minh**, Duong Dang Hoa*, Truong Tuan Anh*
* Hue Central Hospital
**Hue University of Medicine and Pharmacy
ABSTRACT
Purpose: (1) Study of changes in SVO, value in fluid therapy in patients after cardiac surgery; (2)
Evaluate the role of SVO, monitoring in serving as an indicator of fluid responsiveness in patients after
cardiac surgery.
Methods: This was a study of a randomized clinical trial reported earlier on critically ill patients with
clinical hypovolemia after cardiac surgery. Fluid therapy was guided by changes in pulmonary artery
wedge pressure (PAWP) or central venous pressure (CVP). Fluid responsiveness was defined as >15%
increase in cardiac index (CI). Hemodynamics, including left ventricular ejection fraction (EF), cardiac
index (CI), and oxygen delivery (DO, ) were measured when SVO blood samples taken.
Results: There was 110 patients receiving fluid therapy in postoperative period. The SVO, increased in
104 patients responding to fluid loading (>15% in CI in n = 107) versus those not responding (n=6).
The increase in EF, CI and DO, was also greater in responders (p = 0.005). The area under the receiver
operating characteristic curve for fluid responsiveness of changes in SVO,was 0.78 (p=0.05), with an
optimal cutoff of 2%. The value of SVO, increases to reflect CI increases with fluid loading was in 66.7%

of patients.
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Conclusions: An increase in SVO,>2% can thus be used as a indicator of fluid responsiveness in
clinically hypovolemic patients after cardiac, particularly in those with systolic cardiac dysfunction. Fluid

responsiveness concurs with increased tissue O2 delivery.
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