W HEERE N 2020 4 6 H 45 41 H45 6 11 http: //www.ajsmmu.cn

* 604 - Academic Journal of Second Military Medical University, Jun. 2020, Vol. 41, No. 6
DOI:10.16781/j.0258-879x.2020.06.0604 © %&i&iﬁ S

BERBTEERHEBRFEEMEBEREPRTSH

HELH 'S, B, R R BN ENE B, BgK

LOBREEERY: (F ZFEERY) R OEETOEK S SAREEIRE, B 200433

2. Z ERUMNFR BT F5 P07 =X, BUM 310002

3. KIS S BEBEm R R, 2RI 430010

4, KTz BIEERE CT =, 3 430010

5. KTz S EpeEaE i, i 430010

6. PR F (B ZEEIY ) RO F DR R E B 52 & ARYIZRBR, 1 200433

(BE] a« SHrEAEAFRFEEMAZ (COVID-19) B 5 ERIGIT (HBOT) AYJT 8 X i AEHLH
Fik  BERKIINE B EFBGARY S BIE A COVID-19 ¥, FEik R 24~69 %2, I HLIAIT AN RESHIe 15 HAFAEUE
AT HEREUAE %52 HBOT, HBOT J7ik: 4K 1Yk, 15 min 23 1EZR 2.0 ATA (k0.1 MPa, B3 1) 8§ 1.6 ATA
(#JE 0.06 MPa, fE# 2~5) , FF2efs ™ 90 min (B XKIGYT ) 3% 60 min (FJSIRYTY ) . SRS 20 min J8UE 2 5 & ;
HBOT 42 JeIRIEk T B A Bk AR EE (SpO, ) H ¥(E4LE 2 d #id 95% 257 HBOT., YA eI . I
WA SpO,. BMAKIMTAHTAR . MF . BEIMIIRE. =8 C- A M (hs-CRP) IS CT K245 R AF 50k
FHIBEXT ¢ K30 L BATT TG R EAR2E 5. 4% B HBOT AYTE A BEREIR . IRMEXIF AL . TFiR HBOT
4 G EREMU IR ST, S IR THALTEREIR 76 2 TH 2R, (URAF MR . # S ANE SIRS T e S ek, 450
HBOT J7 FE )5, H: & I 2% HBOT B K [ [ (20.80+2.28) min ' vs (27.20+5.40) min~', P<<0.05] . k5 W
I SpO, H7EF] A HBOT J&i2 H [m 7, 5 8% H 1 SpO, - HIAELS 1. 2. 3. 3. 6 K HBOT Je ki & 95% L |
B K HBOT ik & )5 SpO, K (93.60+£0.07) %, = FHIERTY (73.2046.42) % (P<0.05) , %5 2. 3 )R HBOT /il JE
i SpO, 5 H UHNERIAH LR TR (P13<<0.05) , % 3 X HBOT 5 BIZIAH 22 R e gtit# 2 X (P>0.05) . HBOT
B, HERBIK N =Lk E (PaCO,) 4 (31.48+3.40) mmHg (1 mmHg=0.133 kPa) , R TIE®WZS%{4 (35~
45 mmHg ) . HBOT J7 245 45 sh bk i 48050 R [ (130.20£18.58 ) mmHg] | shfkifil & A [ (98.40+0.55) %] .
R E 4 e [ (0.207 840.074 2) ] Atk EL 4 g 4a XHE [ (1.09+£0.24) X 10%/L] ¥% HBOT fif [ (61.60+15.24)
mmHg., (73.20£6.43) %. 0.094 6+0.062 1. (0.61%0.35) X10°/L]F15, GF4EEAKFKE [ (297£0.27) g/L] #l
hs-CRP /K- [ (7.76+6.95) mg/L] ¥J% HBOT {ij [ (4.45+0.94) g/L. (3036+=127) mg/L] (&K, 25 KA Gt
B (P1<0.05) ; IMFLERFI D- —HAKEHEIFE [ (1.1340.10) mmol/Lvs (2.17£1.71) mmol/L, (0.42+0.13)
mg/L vs (1.84+1.29) mg/L] , HEFHTE 2 X (P3¥>0.05) , H3% HBOT R4 E A COVID-19 HLI fili#4
CT A&7, HBOT R A k. %4 R tEREIAE & 104 Bt RSB R s 2 A COVID-19 B
I AL LA . COVID-19 B35 I D e RS LU S T RE A% o4 =, HBOT W] BB 2213 A COVID-19 &
B R G R AT MR E LA A e FE T B . HBOT A TS B ML AL T 78 S A A A A
R, AR THURGRENRE . TEIhEE . DOMACERIIRE, M sEm i .
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[Abstract] Objective To explore the potential mechanisms underlying the prominent efficiency of hyperbaric oxygen
therapy (HBOT) in the treatment of severe coronavirus disease 2019 (COVID-19) patients. Methods Five COVID-19
patients, aged from 24 to 69 years old, received HBOT after routine therapies failed to stop the deterioration and progressive
hypoxemia in General Hospital of the Yangtze River Shipping. The procedure of HBOT was as follows: compressed to 2.0
ATA (0.1 MPa gauge pressure, patient 1) or 1.6 ATA (0.06 MPa gauge pressure, patient 2-5) at a constant rate for 15 min,
maintained for 90 min (first treatment) or 60 min (subsequent treatment), then decompressed to normal pressure for 20 min,
once a day; the patients inhaled oxygen with the mask of Built-in-Breathing System continuously; and HBOT was ended
when the daily mean pulse oxygen saturation (SpO,) in wards was above 95% for two days. The symptoms, respiratory rate
(RR), SpO,, arterial blood gas analysis, blood routine, coagulation function, high-sensitivity C-reactive protein (hs-CRP) and
chest computed tomography (CT) were collected. Paired ¢ test was used to compare each index before and after treatment.
Results After the first HBOT, the symptoms and signs of the five patients began to improve. Supine breathlessness
disappeared after HBOT for four times, and digestive tract symptoms completely disappeared and only mild chest pain and
breathlessness at rest and in motion remained after HBOT for five times. After finishing HBOT, the RR of the patients was
significanlty lower than that before HBOT ([20.80+2.28 | min ' vs [27.20+5.40 | min ', P<<0.05). After finishing HBOT,
daily SpO, in wards was increased day by day, and the daily mean SpO, recovered to more than 95% after the first, second,
third, third and sixth HBOT in the five patients, respectively. After the first HBOT decompression, SpO, was (93.60£0.07)%,
which was signficantly higher than that before HBOT ([ 73.20%46.42 ] %) (P<<0.05). SpO, values before compression of the
second and third HBOT were signficantly higher than that before the first HBOT (both £<<0.05). There was no significant
difference in the SpO, immediately before and after the third HBOT (P>0.05). Before HBOT, the arterial partial pressure of
carbon dioxide (PaCO,) of the patients was (31.48 +3.40) mmHg (I mmHg=0.133 kPa), which was lower than the normal
range (35-45 mmHg). After finishing HBOT, arterial partial pressure of oxygen ([ 130.20=+18.58 | mmHg), arterial oxygen
saturation ([ 98.40=40.55]%), lymphocyte proportion (0.207 80.074 2) and lymphocyte count ([ 1.0940.24 ] X 10°/L)
were significantly higher than those before HBOT ([61.60+15.24 ] mmHg, [ 73.20+6.43 1%, 0.094 6+0.062 1, and [0.61 +
0.35]X 10°/L), while the levels of fibrinogen ([2.9740.27 ] g/L) and hs-CRP ([ 7.76+6.95 ] mg/L) were significantly lower
than those before HBOT ([4.45+0.94 ] g/L and [ 30.3641.27 ] mg/L) (all P<<0.05). The levels of lacttic acid and D-dimer
were decreased after HBOT versus before HBOT ([ 1.13£0.10 ] mmol/L vs [2.16%1.71 ] mmol/L, [ 0.42£0.13 ] mg/L vs
[1.84+1.29] mg/L), but the differences were not significant (both 2>>0.05). All the five patients had typical lung CT imaging
changes of severe COVID-19 before HBOT, which were improved after HBOT. Conclusion Systemic hypoxia induced
by persistent hypoxemia may be the main reason for the deterioration of severe COVID-19. The respiratory dysfunction of
COVID-19 is mainly alveolar gas exchange dysfunction. HBOT may be the best way to correct the progressive hypoxemia
which can not be controlled by atmospheric oxygen supply in severe COVID-19 patients. HBOT can provide enough oxygen
supply for the continuous hypoxia tissues, and is beneficial to the recovery of immune function, circulatory function and stress
level, so as to improve the condition of patients.

[Key words] coronavirus disease 2019; oxygen inhalation therapy; hyperbaric oxygenation; hypoxia
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COVID-19) & Bk —Fp 4 Bk K AT B9 14 Ye P 9

(‘extracorporeal

Mo M TERZFESFIEDURREZY), SRR E

R " L G RBFSEAE ], COVID-19 3BT
BB DS I g R AR Ak, DL R B 2 kA i

PPEARENAE . = FLRR INAE . 2 VERFICE A 2R G
fit (acute respiratory distress syndrome, ARDS ) I
SRR R SRR L A IR AR
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FEFF A ARG, I H AT A— MR B IG Y7 2261
H, CBLIG RS2 T4 P Ir 8o ia 1 sl 42U
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i 56 tR 9 FE 2 (severe acute respiratory syndrome
coronavirus 2, SARS-CoV-2 ) &A1 14) Fy BH A,
B CT A A AE R IR AR s

BE L B, 608, Bk 1d” AR, BEEA
S . EEAR SRR FERE A OS2tk LA
Bt TR I E ARG . 23R ke
o (40 mg R 2WK) | Ig (20 g/d) | kAL FAER
(3g/d) | BIHLZIR (02gMR3W) , Sd 14
SR, 2R, BRI (3~5 L/min) 2d.
T B4 (5~8 L/min ) 14 d JoEE4 iR 0 fiLE 2
iR, HEEELPITIGERSI ENE, AR
5521 RIFURZ T HBOT 3t 8 k. B X HBOT i& |1
I b I i R IR 3 d, SR RS T BRI AR 15 ds

B2 B, 64%, ik, KIM5d” ABi.
REAEA S . RSk e A At oo e . BEIR
o IR IR (40 mg BER 2K) |
Ig (20 g/d) . Sk mi#r a8 (3 g/d) . B EL £ /R
(02gHK3IW) . FEFMK (0.5gd) . HEH
(10 g/d) . kMR (3 gd) 147, &5
W4 (3~5 L/min) 1. d, FIEEM4 (5~8 L/min)
6 d, REIMEE TG, TABES 12 K
JFi HBOT 3£ 5 k. IR HBOT 3R [819 b7 J 2 S
SEWA 4d, JFHRSERIETAE S d.

BE 3 B, 288, KW MWK, %K 12d,
KA IR AR 10 d 7 ABE. ZAWiARIT AR H
W (40mgHE K2k ) | Ig(20gd) . kil
Hidseh (3 g/d) . BIHEZR (02 g BRI |
FIELF AR (0.5 g/d) 1 AMI7 R, S (3~
5L/min) 2 d. MM (5~8 L/min) 12d. Jofll
MUBGE T 2 d, (H AR Ml s AR b R i G A
BEACSEUMRE Al s T ABESE 17 K432 eI HLGE
R, AREUMAE R W AFFE . ABEE 26 19 RITIRG T

HBOT 3t 4 ¥k, TR HBOT iR [M15 b3 )5, 4k&kimi
WA 2 do

B4 B, 534, A k1, kR34
ABi. 29907 G IR IE (40 mg BR 2 1K) |
Ig (20 g/d) . SLAMIANEH (3 gd) . BT HE 2R
(02 gHER3W) . FEFH (05gd) 1 47
i, BSEIA (3~5L/min) 1d. HERAE (5~
8 L/min) 12 d, BERIEEELL, T AL 18 d17
HBOT 3t 3 ¥k, B X HBOT & [0l 5 i, 4Rk i v
W4 7 do

MBS 2,24 %, B RM3dT AR
YRR IL)E B (40 mg B R 2K ) |
Ig (20 g/d) . KB FAEA (3 gd) . BT LL £ R
(02 gfFR3W) . MEFHMK (05gd) , BT
W% (3~5 L/min) 1d. M=% (5~8 L/min)
12 do ABESE 14 KIFEDALR, TABEES 19 K
JE4f 7 HBOT 3£ 3 ¥k, & X HBOT i& [°1 9 b7 J=
URSLTAT A 9 do
12 HBOT#% 7 it & RHEKEAMRRSK
(GY2800D-A 7, 4 5 %% i 48k & 0y A BR A
") & K 9: 00—10: 30 ¥F 47 1 Xk HBOT., #H
O e G AR, 4N BT R S
( Built-in-Breathing System, BIBS ) Ta[ = IFf I 4i
A, BRI R RS AR, Jo s IR (R
15 min 2] E 2 2.0 ATA (4axt K5 E, £EH
0.1 MPa; H3# 1) . 1.6 ATA (/%K 0.06 MPa,
BE2~5), 4% 90 min( FYIAYT ) 3 60 min( B
JEIRYT ), SRJE 20 min R 2 R, RS R,
BE A WE NI, BB . BRI ERER
AR R REE X
1.3 ¥k BT Pl ImK
oA IF I R R, R MR . PRI A (3 B,
B BT RMEE ) SRR GE AR, B /IS, A
22 THAGIEREAR, 3 b5 L W B s B 4 h, g
S HE A FYEHE J5 kP I AR A AN EE (pulse oxygen
saturation, SpO,) , ) Bk Il < 43 #r 45 2%, &
M, BEMLPIAEE, B C- WA (high-sensitivity
C-reactive protein, hs-CRP) , LM CT 4 .
HRAE 8 VPEE Rk R . R HE,
Oy BIRAE 1~3, FFERH B T
1.4 %itsaz® [ SPSS 21.0 #7411
3. BE DL X5 TR, IRITHTE HLBCR FHECX ¢
RS . SRADSUME S, FrssKiE (o) i 0.05,
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2.1 HBOT# 5 I& &k &3 HBOTH 5 ] & 14
AR NZICRE IR, (R ™8 B ARREE, X 5
191] 58 35 i AR DV 43 B RS T 43 B, HBOT Hif A W ik
WP e iR, HA — o R R Y T o RN I Ak T RE
R, B HBOT J5 L iR h gzt (K1) .

- Chest pain

[y}
(=]

Cumulative symptom score

—#- Breathlessness (rest)

4 X HBOT Ji7 “F- KMy P 2R e RIH 2%, 5 A TH
fEERER BRI R, SURAFR R . S G 3h
RE TP 2R . B 2 fl 8 H Hit T T 3
K HBOT, 1 il 4 W, (HAEBRE HME, 5%
B HBOT J7 & J5, 835 WO 22 4 HBOT Hij T %
[(20.80+2.28) min 'vs (27.20+5.40) min '] ,
ERAGHFE Y (1=4.355, P=0.012) .

& Digestive tract symptom

¥~ Breathlessness (motion) -©- Breathlessness (supine position)

Before HBOT

Time (d)

HBOT

1 HBOT #iJ5 5 1 COVID-19 B&ERIES BFHTL
Fig1 Cumulative symptom score changes of five COVID-19 patients before and after HBOT

HBOT: Hyperbaric oxygen therapy; COVID-19: Coronavirus disease 2019
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By Wil 5 {51 £ 1) SpO, 244 R I e A%, Bl 2
HTh s, polalfem, BE# HBOT YA fn, AH H i
] 5.1 SpO, % H F+#r, HF-¥ SpO, il ZE4E 1 1k

100
90

i v X
r /¢
0§ 4

pos
70 T

0'(

SpO, (%)

110 r Dayl | Day2  Day3  Day4

(BHS, 100%) . 2K (FBHE 2, 95.40%) |
3 (HRE 3, 96.40%; HE 4, 97.00%) .
6% (%1, 96.80% ) HBOT J5IKE E 95% L) I,

., Day5 | Day6 | Day7 Day8

-4-Patient | i-& Patient2 < Patient3 ¥ Patient4 | & Patient5

[ T ST S R S

MR IR IO IR R I I I I R I R R R R R R U R
R D A N ARG ST AT
Time
&2 JF% HBOT /5 5 ] COVID-19 &3 HE SpO, T4k
Fig 2 Daily SpO, changes of five COVID-19 patients after HBOT

HBOT: Hyperbaric oxygen therapy; COVID-19: Coronavirus disease 2019; SpO,: Pulse oxygen saturation

WE 3 fiR, 784 HBOT MERT (9: 00)
I I B 220 W i s 25 A SpO, & B, 1 YK HBOT
JnJE BT SpO, K (73.20£6.42) %, #=E w B
8: 00 1Y (77.204.66) % F ALK, H K5 H HFH
£ HBOT 1 #2 v SpO, #Jik £] 99% L) I, {HH Ik
HBOT Ji J& J& SpO, 37 B B 2 (93.60+0.07) %,
BRI LT (1=8.427, P=0.001) ,
(A AR B IEH S5 K. BIEEEE 12: 00

BFE M SpO, B &K E R Al /K F, #£/8 HBOT Jf:
WA R F RN R A 52 IR 3 IRk
HBOT ME T SpO, B UM /iy B Z04H L 35 7
(1=7.333, P=0.002; t=5.489, P=0.005) , %
3 X HBOT I | FYs % J& SpO, #H 22 5 o4t it
X (1=4.083, P=0.055) . 1 TIKE BLf,
H 8] SpO, 4% 2 d f AR H >95%, 2 &
% T 3K HBOT, 143 T 4 ) HBOT, % 4 K
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A A0 A A AR DD, R P X T P R S
SpO, B HEATHET 2400 M

-©- Before compression
-8 After decompression

100 an

90

SpO, (%)

0 1 \ \ \ ,
1 2 3 4 5
HBOT times
3 5 COVID-19 =&)X HBOT MERFEIER
BZ SpO, 4k

Fig3 SpO, changes of five COVID-19 patients

immediately before and after HBOT therapy
COVID-19: Coronavirus disease 2019 HBOT: Hyperbaric
oxygen; SpO,: Pulse oxygen saturation. ~P<<0.01 vs first day
before compression; “* P<<0.01 vs first day after decompression;
44P<0.01 vs same day before compression. At the 1*-3 HBOT
n=5,xts;at the 4" HBOT n=3, X; and at the 5" HBOT n=2, x

23 FpkBASHER JHIREKR 1 IRA HBOT
[ 7 S d TR AU S L B N N W= W
( fractional inspired oxygen, FiO,) & 0.4~0.6] ,
g Jik 1fi 4 43 & ( arterial partial pressure of oxygen,
Pa0,) 43k 37,65, 60,78 Fil 68 mmHg (1 mmHg=

0.133 kPa) , ¥4 T i B IPI miREs . sk
1t — %A B 43 [ (arterial partial pressure of carbon
dioxide, PaCO,) 435>/ 304, 37.0. 30.0. 32.0,
28.0 mmHg, FRAEH 2 /MR TIERE (IEH
SZAH R 35~45 mmHg ) . HFE 1 ]I, shfkiil 4
TN (arterial oxygen saturation, SaO,) 7EH-Uh%E
K 1K HBOT AW WA T IE % {H, 1 HBOT J7#%
iRJE B LI, WK R IE R EVE R, R LR
KPR S TET R . AR LR R B A LI A7 7 — S
JERY R G AA
24 ZRELREZER RFEK20 W, G HBOT
TP E2% 40 L %o (LRI EL T LU B ARAE, &85 R 43
HBOT J7 2 J5 W # ¥ [ 7+ (P 14<<0.05) , #2/-1
T HBOT B #4724 81/ 5 200 1t £ 9288 T BE 035 A
K5 HBOT Ji b 4u i Lb 5] 5 HBOT HiAH L T B
(P<<0.05) , {HH 20 48 X B 7 HBOT HiJi5 25
SIGE T E X (P>005) . FFih HBOT | 274
A D- ZRAACEE -, SRR e S
fitgHsHE] (activated partial thromboplastin time, APTT )
AR, BN AL TR R BRI, BRSNS
(8. 5 HBOT RiAH L, 453 HBOT J& 41 4 2
JFAKEREAIR (P<0.05) , [R]HS D- 2R AR RIBE |
APTT ZERAHZERITCS2# 8 L (P¥>005) o JF
 HBOT HijIfiLifk hs-CRP 7K°F->k (30.36+1.27) mg/L,
45 oK 4> W HBOT Ji F% % % (7.7616.95) mg/L,
ERAGIEE X (1=7.148, P<0.01) .

&1 COVID-19 2#& s HBOT BIFIT 24 R BBk IS5 # 45 5R
Tab 1 Arterial blood gas analysis of COVID-19 patients before and after HBOT

n=35,xts

Parameter Before HBOT After HBOT t value P value
pH 7.4340.05 7.481+0.05 —4.380 0.005
PaO, (mmHg) 61.60+15.24 130.20+18.58 —0.969 0.370
PaCO, (mmHg) 31.48+3.40 34.86+3.66 —0.126 0.904
Hematocrit (%) 27.00+6.82 26.20+2.28 —0.391 0.710
Sa0, (%) 77.60+3.85 98.40+0.55 —1.338 0.229
Na™ (mmol * L") 139.60+3.58 138.204+2.05 1.530 0.177
K™ (mmol « L") 3.20%0.07 3.4240.28 —1.732 0.134
Glucose (mmol « L") 6.42+2.04 7.14%£2.17 —0.043 0.967
Lactic acid (mmol « L") 2.17+1.71 1.13£0.10 1.121 0.313

1 mmHg=0.133 kPa. COVID-19: Coronavirus disease 2019; HBOT: Hyperbaric oxygen therapy; PaO,: Arterial partial pressure

of oxygen; PaCO,: Arterial partial pressure of carbon dioxide; SaO,: Arterial oxygen saturation

25 HHFHELER M CT KA TR, 5 6®
# HBOT Rij ¥4 T A COVID-19 HiL 7 fiili 48 5 14 2
AR, WU £ & BE IR U R, R,

XU IS SR W22 e R R 5 S8l
i HBOT Ji, Aokt W] kst XUl 22 & B 4
WA R R S R . SR LA 4.
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&2 COVID-19 £F I HBOT BIFNIT 2455k /5 B ANt M Ih e B 45 R
Tab 2 White blood cell and coagulation function of COVID-19 patients before and after HBOT

n=>5,xxs
Parameter Before HBOT After HBOT t value P value
White blood cell count (L™, X 10%) 6.6110.51 5.61+1.41 1.482 0.177
Neutrophil count (L', X 10°%) 5.56+0.97 3.92+1.64 1.919 0.091
Neutrophil proportion 0.836240.103 9 0.679 8+0.107 2 2.343 0.047
Lymphocyte count (L™, X 10%) 0.61+0.35 1.09+0.24 —2.478 0.038
Lymphocyte proportion 0.094 60.062 1 0.207 8+0.074 2 —2.617 0.031
Monocyte count (L', X 10%) 041£0.18 0.53£0.24 —0.918 0.385
Monocyte proportion 0.063 6+0.033 5 0.098 0+0.042 2 —1.428 0.191

Coagulation function

PT (s) 11.78+0.69 11.184+0.88 1.078 0.322
APTT (s) 23.254+2.93 26.70+2.63 —1.752 0.130
Fibrinogen (g * L") 4.45+0.94 2.97+0.27 3.012 0.024
Thrombin time (s) 15.534+0.78 16.65+1.61 —1.258 0.255
D-dimer (mg s L") 1.84+1.29 0.42+0.13 2.180 0.072
PT-INR 1.030.06 0.96£0.10 1.180 0.283

COVID-19: Coronavirus disease 2019; HBOT: Hyperbaric oxygen therapy; PT: Prothrombin time; APTT: Activated partial

thromboplastin time; PT-INR: Prothrombin time-international normalized ratio

B4 HBOT Bi/F COVID-19 £EEBITEHLEZ
P EER
Fig4 Chest computed tomography imaging of
COVID-19 patients before and after HBOT
Patient 2. A: 1 d before HBOT; B: 2 d after HBOT for four
times. HBOT: Hyperbaric oxygen therapy; COVID-19:

Coronavirus disease 2019

3 #
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ELBR T A9 AR ZE M 9 5 b, HBOT X H fth 22 Ff
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PR 8 L S P Bl e ot M B AT & 4 A YT AR
. RS ZE R R T R 46 S
WHRERE NEREE, ¥EATHEAR, maSE%
. MEMWA., minE WA, 52 PLAGE AR

ECMO, LA SUAE 5% 07 W I fiig 5 A5 Sk 3 17 JIE,
FEAS I 2R FH 0 9 Bl 2 51 3 N IE. HBOT 1E Ky
Il PR 8T H AR 2 — IR R B4, Bl AERE S v —3E
VAT

TR E SR A LR 4 B 4] SR T R 1 4R
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