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FHAE T AR X et B TCENZWT ARDS U7k, ik BEHE 2019 4F 1 A % 2020 4F 12 H =M
AR LK ARDS FE o A R BT S X T 42 00 3 41, TR 4% A B BE Y7 SR R4 T ARG T -
551 41 BB BRI — I P B S B A RHSA 1 R EE B BE ARDS B CPIIHZ 1 800 m) 5 45 TIF
WAL A S, 3 AR FiO, 4E5F Sp0, 4 0.90 ~ 0.96, FF45# 1 30 min J5iC 5% Sp0,. Fi0,. Pa0,. 5 2 414
3l PR F A MM PR B FEAE P ARG A A H BE FIEE BE ARDS & (CEXIG3ZY 3 200 m) 5 45 Tt <28 1 BRI
S ERE Sp0, 1 0.90 ~ 0.96, F#£2 10 min JFiL 5% Sp0,. Fi0,. Pa0,. 55 3 AU NHRVLH A R E R 22 BHIGAE 5%
JEFREE ARDS % CFIEHER 2 2 200 m) 5 24 Sp0,<<0.90 I, 45 Tfift ST B8 AL, TC 3 4EFF Sp0,=0.90 It
5 Fi0,, W4 10 min J5 i 5% Sp0, . FiO, . Pa0,. {1 Spearman 2506 441 Sp0,/Fi0, 55 PaO,/FiO, #EA A AL 3 HT 5
K L3 BT S Sp0,/Fi0, 15 Pa0,/Fi0, Z ML PE T2, I sk il pH 8 . S0k il — 4 kA% 73 . (PaCO, )
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BR U 24 1R SRE 271 A ARSI BTAS AL 5 55 2 4 14 B SRR 47 S RSB AR 5 3
76 i E UL 76 MR . B 1AL 2 45 3 4H1% PaOy/FiO, (mmHg, 1 mmHg=0.133 kPa) 53-Jil]
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[Abstract] Objective To investigate and evaluate if pulse oxygen saturation/fraction of inhaled oxygen
(SpO,/Fi0,) can be used, as replacement of arterial partial pressure of oxygen/fraction of inhaled oxygen (Pa0,/Fi0,), to

assess oxygenation in acute respiratory distress syndrome (ARDS) patients at different high altitudes in Yunnan Province,
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Methods
ARDS at different high altitudes in Yunnan Province from January 2019 to December 2020 were enrolled. The patients

and to find a rapid and non-invasive method for the diagnosis of ARDS at different altitudes. Patients with
were divided into three groups according to different altitudes, and received different oxygen therapies according to their
respective medical conditions. Group 1 consisted of patients with moderate to severe ARDS from the department of critical
care medicine of the First Affiliated Hospital of Kunming Medical University (average altitude approximately 1 800 m),
and received mechanical ventilation to maintain SpO, of 0.90-0.96 with a low FiO, for more than 30 minutes, and SpO,,
Fi0,, PaO, were recorded. Group 2 consisted of patients with moderate to severe ARDS at the department of critical care
medicine of People's Hospital of Diqing Tibetan Autonomous Prefecture (mean altitude about 3 200 m), and received
oxygen with an attached reservoir mask to maintain SpO, of 0.90-0.96 for 10 minutes, and then SpO,, Fi0,, and PaO, were
recorded. Group 3 consisted of patients with mild to moderate-severe ARDS who admitted to the emergency department
of the People's Hospital of Lijiang (average altitude approximately 2 200 m); when Sp0O, < 0.90, patients received oxygen
with the oxygen storage mask, and the FiO, required to maintain SpO, = 0.90 was recorded, and Sp0,, FiO,, PaO, were
recorded after oxygen inhalation for 10 minutes. Spearman coefficient was used to analyze the correlation between SpO,/FiO,
and Pa0,/Fi0, in each group. Linear analysis was used to derive the linear equation between Sp0,/Fi0O, and Pa0,/FiO,,
and to evaluate arterial pH, arterial partial pressure of carbon dioxide (PaCO,), FiO,, tidal volume (VT), positive
end-expiratory pressure (PEEP) and other related factors which would change the correlation between SpO,/FiO, and
Pa0,/Fi0,. The receiver operator characteristic curve (ROC curve) was plotted to calculate the sensitivity and specificity
Results
24 ARDS patients from whom 271 blood gas analysis results were collected; group 2 consisted of 14 ARDS patients

of using SpO,/Fi0, instead of Pa0,/FiO, to assess oxygenation of ARDS patients. Group 1 consisted of
from whom a total of 47 blood gas analysis results were collected; group 3 consisted of 76 ARDS patients, and a total of
76 blood gas analysis results were collected. The PaO,/Fi0, (mmHg, 1 mmHg = 0.133 kPa) in groups 1, 2 and 3 were
103 (79, 130), 168 (98, 195) and 232 (146, 271) respectively, while SpO,/Fi0, were 157 (128, 190), 419 (190, 445)
and 319 (228, 446) respectively. Among the three groups, patients in group 1 had the lowest PaO,/FiO, and SpO,/FiO,,
while patients in group 3 had the highest. Spearman correlation analysis showed that PaO,/FiO, was highly correlated
with SpO,/FiO, in groups 1, 2 and 3 (r values were 0.830, 0.951, 0.828, all P < 0.05). Regression equation was
fitted according to linear analysis: in group 1 SpO,/Fi0, = 58+0.97 X PaO,/Fi0, (R* = 0.548, P < 0.001); in group 2
Sp0,/Fi0, = 6+2.13 X Pa0,/Fi0, (R* = 0.938, P < 0.001); in group 3 Sp0,/Fi0, = 53+1.33 X Pa0,/Fi0, (R* = 0.828,
P < 0.001). Further analysis revealed that PEEP, FiO,, and arterial blood pH could affect the correlation between
Sp0,/Fi0, and PaO,/Fi0,. ROC curve analysis showed that the area under ROC curve (AUC) was 0.848 and 0.916 in
group 1 with moderate to severe ARDS; based on the regression equation, the corresponding SpO,/Fi0, cut-off values at
a Pa0,/Fi0, of 100 mmHg and 200 mmHg were 155, 252 with a sensitivity of 84.9% and 100%, specificity of 87.2% and
70.6%, respectively. Patients with moderate to severe ARDS in group 2 (AUC was 0.945 and 0.977), the corresponding
SpO,/Fi0, cut-off values at PaO,/Fi0O, of 100 mmHg and 200 mmHg were 219 and 432 with the sensitivity of 100% and
85.2%, specificity of 82.5% and 100%, respectively. Patients with mild to moderate-severe ARDS in group 3 (AUC was
0.903 and 0.936), the corresponding SpO,/Fi0, cut-off values at a PaO,/Fi0O, of 200 mmHg and 300 mmHg were 319 and
452 with the sensitivity of 100% and 100%, specificity of 80.9% and 86.2%, respectively. Conclusion SpO,/FiO,
and Pa0O,/Fi0O, in ARDS patients at different high altitudes in Yunnan Province have a good correlation, and non-invasive
Sp0,/Fi0, can be used to replace Pa0,/Fi0, to assess the oxygenation in ARDS patients.
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Pa0,) 5 A SR (fraction of inspired oxygen, Fi0,)
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0L, WA e — P9 . AR 2 3 AN
P X AR ZE A ARDS 4 SpO,/FiO, 5 Pa0,/Fi0,
HEAT AR SRR 5T, PR AN [7] e v A b X2 A5 40 T
FH SpO,/Fi0, ##1T Pa0,/Fi0, FiFAh ARDS H# AU
AN

1 #ERE5HE

1.1 WFFERE4 . 24 2019 4F 1 H % 2020 4F 12
A AR EERIX ARDS #3 . RIEA R
NG TE XTS5y R 3 4 - 5 1 4N R BE RN
55— B I B2 B FAE B2 2ERHICA Y 24 51 rb B R R B
ARDS % CEEIEER L 1 800 m), HL4h A 271 4~ 1fiL
SO 5 2 4103 PR B VAN N R e
iE BE2ERHIGA Y 14 )R BEFTEL S ARDS i3 (73
TR 24 3 200 m), LA 47 A S A Hras 5L, 45 3 40
SRR TE T R EE e 202 BHICIR Y 76 191152 Fn v
J& ARDS f3 CEEIERZ 2 200 m 5 T AI2RHMY
A /DB R R BT LA IR ), SR A
76 AT R

111 ASRAE : F5E 2012 4EAAAK ARDS 2 WibRifE
L1 RAREHAL : 72 AR, oopr i ek g
IFI RGERERINE S 1 RN &

1.1.1.2 R se g2 (X 2l 5 CT 43948 « XUl
P B, LA RE 5 4 FH 6 s B L il it AN e
SETRRRE

1113 ifiZK bR - Jo ik O Bl e e o sl A 111
o ik 22 A TR A P s vy O JUE B 75 R A HE R O g
AN B K R T R At 7K i

1114 AREUMAE : O FB  WAURIF / RRe<E
1F % (positive end-expiratory pressure/continuous positive
airway pressure , PEEP/CPAP) =5 ¢cmH,0 (1 emH,0=
0.098 kPa) I}, 200 mmHg< Pa0,/Fi0, <300 mmHg
(1 mmHg=0.133 kPa); @ /& : PEEP/CPAP=5 cmH,0
B}, 100 mmHg<Pa0,/Fi0,<200 mmHg ; 3 ¥ .
PEEP/CPAP=5 cmH,0 I}, Pa0,/Fi0,<100 mmHg.
MHEPEAT 1000 m B, B ARSE AN A TALE
Pa0,/Fi0, X1 atm (1 atm=760 mmHg ).

112 HEBRAAE : O 0 )i B Q) AR
O rEBEEE

1.2 ARFE: ARG AR A, It
T EHERRE —ME E B B2 Bl & (H LS
2019-L-3). 1 A0 F A M N B B2 B A8 38 22 D 2%
(HHES £ 2019-L-1) IRV N R B BEAR B 0 2%
(A it : 20200004 ) H AL, TA iR TT R34k

B SR B A A

1.3 EhE <k

131 55 120 : 45 7 PP OROPLEE Bl e <, 1 i e AL
SR, 1< (tidal volume, VT) & 6 ~ 8 mL/kg, %%
PEEP. FiO, S0P WAL S AL, i g bk i — Ak 53
(arterial partial pressure of carbon dioxide, PaCO,) 4
FFFE 35 ~ 45 mmHg, F & <30 emH,0. 25 T3AIK
1 FiO, 455 Sp0, 7 0.90 ~ 0.96, F522## 53 30 min,
132 5524 45 TAEREE I SR, TR FiO, 4k
FF Sp0, 7E 0.90 ~ 0.96, 52214 10 min.,

1.3.3 5341 EAZ22EE, 1 Sp0,<0.90, M
25Tt SR B A, IR SR EERF Sp0,=0.90 fIrdE Y
FiOz,i%é?; 10 min,

1.4 G IRGERHISCEE - WS BT A B A 51 L AR
Sk pH {f . PaO, . PaCO, . Fi0,. Sp0,, LA 1 4
FE) VT F1 PEEP,

1.4.1  SpO, : JIKFH i A A% Jdtie () o7 8 S 46 S 51 [
— T R TREE  TR D  AER AR
WP AL 2 500 VR L 5 7 22 i 2270 30 min 58 o
SpO, M+ ZE /0 H 1 min ',

1.4.2  PaO, : A /B sh ki i)k SEF0 A 5 i 5l
ik , RAE R ZNIKINLAE 5 min Z PS8BS 0
143 figSI S EA AR I Fio,: 2% (fak
B ) PP S T Tk

14.3.1 2594 BIEMLINSE . FI0,=21+4 X &
i (L/min ),

14.3.2 EEfEEE . O AWEHN 5 L/min B, FiO, A
0.40 ; @ FFi N 6 Limin B, Fi0, Ky 0.50 ; @ &
14 7 L/min B}, FiO, 4 0.60.

1.4.3.3 f#ESEEME . Fi0,=10X & (L/min, %
i <8 L/min),

1.5 Giil=fab B . ffiF SPSS 23.0 B F T 40 i12#
Gite TR GORNRE WA A, DL A28 (o i k)
(M(Q., Q) ), ffiH Spearman REOM 4521 B &
Sp0,/Fi0, 5 PaO,/FiO, #1740 51 5 HZ Mo By
S SpO,/Fi0, 5 PaO,/Fi0, L7 2 K sh ik i pH
{8 . PaCO, . FiO, . VT, PEEP {E X )5 FH Sp0,/Fi0, 5
Pa0,/Fi0, FHICHE 152 0 R 3517 2 B2tk oy, iF
— VAl H AR B2 SpO,/Fi0, 5 Pa0,/Fi0, Ay A
Ktk 2l 2R E TAERRIE 2R (receiver operator
characteristic curve, ROC H4%), i3 (¢ H Sp0,/Fi0,
B Pa0,/Fi0, PEA ARDS £ #4804 1 AU s
S, P<0.05 MESAZIFE L.
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2.1 HABFRLAFE (F 1):5 1 41 24 FlEH I
MAF 271 DML 26 2 41 14 BB E L3RS
A7 NS HTEE B 55 3 40 76 3 L4115 76 4>
MAMTEEHE . 56 1 41 PaO,/FiO, Fl SpO,/Fi0, H 1K ;
%5 3 40 Sp0, F K, [H Pa0,/Fi0, F1 SpO,/Fi0, #

X1 ZEHATESEKMEX ARDS B2EERIFELLR
B141800m 52413200m 45 3412200m

-
i (n=271) (n=47) (n=76)

PR (1)

Bk 18 11 52

ik 6 3 24
(%)

Fiene| 27~83 20~76 22~ 86

PAE(M(Q,0,))  52(36,75)  54(40,75)  57(33,72)
Fi0,

FeAE| 0.23 ~ 1.00 0.21 ~1.00 0.21 ~0.70

i (M (0, Q) 0.60(0.20,0.70) 0.21(0.21,0.50) 0.29(0.21, 0.40)
Sp0,

Fie | 0.72~0.96 0.80 ~ 0.96 0.42 ~0.97

PO CM(Q,, Q)] 0.94(0.92,0.95) 0.95(0.92,0.96) 0.92(0.90,0.95)
VT (ml)

Fienc| 300 ~ 450

(M (Q,, 0,)) 380(380,400)

PEEP (emH,0)

FieA | 3~15

TR MO, 00))  10(7,12)

Pa0,(mmHg)

FieA | 42~121 44 ~ 98 25~133
g (M (QL, Q)] 70(61,75) 66(59,78)  57(51,63)
Pa0,/Fi0, (mmHg)

Fiene| 34~252 33 ~274 53 ~290
P (MCQ, 0))  103(79,130)  168(98,195) 232(146,271)
SpO,/Fi0,

BN | 72~ 396 88 ~ 457 113 ~ 462

PR (M(Q, Q) 157(128,190) 419(190,445) 319(228,446)

2.2 £ Pa0,/Fi0, 5 SpO,/Fi0, FIAH FE T K2k
PE A 50T : Spearman A 3T 45 5 B, AS[H]
TR HLIX &-2H ARDS £ Pa0,/Fi0, 5 SpO,/Fi0,
PIRmEAACCGE LA S 24 534 r H5 5
41 0.830. 0.951. 0.828, ¥ P<<0.05). i i £k 4 [A]
A5 BT 25 540, 6 4% 2H ARDS 55 3 i 2R Pk ] )9 )y 7
([ 1): 45 1 40 SpO,/Fi0,=58+0.97 X Pa0,/Fi0,; 55 2 21
Sp0,/Fi0,=6+2.13 X Pa0,/Fi0, ; 4 3 £ Sp0,/Fi0,=
53+1.33 X Pa0,/FiO,.

2.3 & 4H SpO,/Fi0, 5 Pa0,/Fi0, Al 5 M iy 5 i
ZOYHT (32 2) .45 1 41 ARDS 3% PEEP. FiO, fiz)
Jik i pH {41540 SpO,/Fi0, 5 Pa0,/Fi0, i (1
P<0.01), %2 41 ARDS & FiO, AJ520H Sp0,/Fi0,
5 Pa0,/Fi0, #1361 (P<0.01), 45 3 40 ARDS 3%
FiO, A1 30 ik i pH {35 1 SpO,/Fi0, 5 Pa0,/FiO,
AR (5 P<0.01),

x2 ¥WZEARRTEKBX ARDS &

SpO,/FiO, 5 PaO,/FiO, 18X 4/ EZE 451

: zﬂ, ilj — SpOZ/ZFiOZ 55 PaO,/Fi0, A5
YgAKo R A P1H
g VT 0.558 0.817
1800m  PEEP 0.575 <0.001
FiO, 0.847 <0.001
il pH (& 0.559 0.008
PaCO, 0.548 0.620
o4 O, 0.925 <0.001
3200m  Bhffkifl pH {E 0.880 0.955
PaCO, 0.880 0.926
340 FiO, 0.793 <0.001
2200m Bkl pH 0.153 0.002
PaCO, 0.040 0.225

T : ARDS N APENTIN B Z5 A AT, FiO, W AR, Sp0, J
JAR A A FIRE , VT il S, PEET NS K IE SR, PaO, g i kil
A 5 1 emH,0=0.098 kPa, 1 mmHg=0.133 kPa ; 25 FI{CETCILI

SpO,/Fi0, =58+0.97 x Pa0,/FiO,

SpO,/Fi0,=6+2.13 x Pa0,/Fi0,

1 ARDS S 2 HERF IR A 30 23 A AE B3, SpO, S KA Il Uit AN
BE, FiO, AR, PaO, R slifikiil 5%, VT A<k, PEET
SR IEE, PaCO, Bk il — ALk o

Sp0,/Fi0, =53+1.33 x Pa0,/FiO,

400 - n=271 o 500 - n=47 500 - n=76
R'=0.548 ° R'=0.938 e ° R'=0.828
o0%9
P<0.001 P<0.001 @®° P<0.001 ° Q
400
400
9@. 200k 9@.
& <3
~ . 300 o
Q Q
(% 200 %
200
100
1 1 1 1 1 J 1 1 1 1 1 J 100 1 1 1 1 J
0 50 100 150 200 250 300 0 50 100 150 200 250 300 50 100 150 200 250 300
Pa0,/FiO, (mmHg) Pa0,/FiO, (mmHg) Pa0,/FiO, (mmHg)
SRR 800 m 2R3 200 m 34 k2 200 m

T : ARDS 2 MLV A ZEAF , SpO, MK R , FiO, AR, PaO, HEhKIN4SME ; 1 mmHg=0.133 kPa
1 =EAAREERBX ARDS B3 Sp0,/Fi0, 5 Pa0,/Fi0, HIZ [ 54347
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1.00 1.00 — 1.00
|/
0.80 0.80 - 0.80
0.60 0.60 - 0.60
g = g
&040- 1%040 I‘:A>‘§()440-
HHEEARDS — shEARDSEH — RIFARDSHH
0.20 — WEARDSIH 0.20 FEARDSLH .20 — EEARDS
— %4 — %4 — %4
1 1 1 1 J 1 1 1 J 1 1 1 J
0 0.20 0.40 0.60 0.80 1.00 0 0.20 0.60 0.80 1.00 0 0.20 0.40 0.60 0.80 1.00
1— e 1—Hp5tBE 1— el e
55 12H3f4K1 800 m 552211443 200 m 53211442 200 m

L« ARDS B PEVFIR BB ZE AT, SpO, S IKEHILAIRAIEE , KO, A ARIRIE,
PaO, KIS, ROC 2k R 3221 TARRHIE MLk

2 SEETFRREEHIX ARDS B3R Sp0,/Fi0, B Pa0,/Fi0, TEEEAH ROC HiZk

2.4 ROC AT (& 2): 3 4URRIELA BEHEC LT
55 12 R E B ARDS H3% ROC i<k T 1 FL (area
under ROC curve, AUC) 43514 0.848 . 0.916 ; F=T+ A
JA77#%, Pa0,/Fi0, 2 100 mmHg ., 200 mmHg B , A
SpO,/Fi0, IIfi FAE 43 5 Ay 155, 252 (Ff{ /% 84.9% .
100% , ¥5 5 5 87.2% . 70.6% ). 45 2 41 v Ji Fil 8
ARDS H5 AUC 43514 0.945 ,0.977 ; B F Ml 5 2,
Pa0,/Fi0, 4 100 mmHg . 200 mmHg 5}, #15 SpO,/Fi0,
Il FHE 53R 219, 432 (FRUBREE 100% . 85.2% , F55¢
J& 82.5% . 100% ). % 3 HEEFE MR ARDS
AUC 73514 0.903 , 0.936 ; FEF[RIH 72, PaO,/FiO,
k200 mmHg ., 300 mmHg 5, #IR SpO,/Fi0, IIfi FHEH
G358 319 452 (BURBE 4R 100% , F57 5 BE 80.9%
86.2%),
I 1 S

H AT ARDS 1 % 95 22 L SL R AT SRR 175 o
P IFFE F B, BEE W D B A B BB ARDS
10.4%, Hi% . rh EEE ARDS W56 %5 510 34.9% .
40.3% . 46.1% °, PaO,/Fi0, Z1TH ARDS A A1 “ 4
FRUE” {H PaO, 52 Z2 5 [ 250, Rl [A]— FR 3 i 42
W AAHTE] FiO, , 1T 8 PSR I 47 | SRt A D3 A 25
FRBE  BRE A AR A 22577, Spo, AT LAl
S, WFE R, ZER AL EE ARDS 8%
H1, Sp0, 5 PaO, B HA BRI, 7T A2
ARDS 241 FHIL, SpO,/FiO, T REZ—FHek | i
FIPFALE ARDS HE S AT

25 B DR 3] G T R 2 v, ELTR AR T
ZERER WM GRS B AL T M B SRR, AT SR
X} A 3 AN TR v 3 X ) ARDS S AT

WEFE, o3 il B W | DRI F 36 M A A L T
RNV . 453N, 3 44 ARDS #4& Sp0,/Fi0, 5
Pa0,/FiO, ¥ HATHAFHIAH G
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