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Hyperbaric oxygen therapy in an elderly critical coronavirus disease 2019 patient with endotracheal intubation:
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[Abstract] Objective To sum up our experience of hyperbaric oxygen therapy (HBOT) in an elderly critical
coronavirus disease 2019 (COVID-19) patient with endotracheal intubation, providing references for the application of HBOT
in COVID-19 treatment. Methods and results The patient was 87 years old male and presented coma symptoms on Feb. 3,
2020. Chest computed tomography (CT) showed multiple small flake fuzzy shadows in both lungs. The nucleic acid test of
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in bronchoalveolar lavage fluid was positive on Feb.5 and the
diagnosis of COVID-19 was confirmed. After symptomatic and supportive treatment, the patient’s condition became stable
gradually, and the tracheal intubation was removed on Feb. 22. However, the patient was intubated again on Feb. 24 because
of loss of coughing and sputum expelling abilities, and the patient’s condition was judged to be critical. On Feb. 29, the
patient received HBOT for the first time, and medical staff entered the hyperbaric oxygen cabin through the special channel.
After HBOT for four times, arterial partial pressure of oxygen (PaO,) and arterial partial pressure of carbon dioxide (PaCO,)
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of the patient tended to be stable, carbon dioxide retention was alleviated, liver and kidney function improved, and coagulation
function recovered. On Mar. 6, SARS-CoV-2 immunoglobulin (Ig) test showed that SARS-CoV-2 IgM was negative and
SARS-CoV-2 IgG was positive. The patient was then transferred to general wards. Conclusion HBOT can alleviate CO,

retention in critical COVID-19 patients, and has a positive effect on reducing hypoxia and protecting important organs. The

HBOT infection control procedure is feasible, and the safety of medical staff can be guaranteed by reasonable design.

[Key words] coronavirus disease 2019; hyperbaric oxygenation; critical type; intratracheal intubation
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disease 2019, COVID-19) ZEEZE LM 1HITF
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B F R KR AR SR ANERAR . 8 R AR YT
( hyperbaric oxygen therapy, HBOT ) &7£= T 14>
RAERYFREE LI A Sl IR TR B TR S
I B AT e s A AT T B, IR ARUINLE S H 4 X6
NoE., 2 FTFATHGE T 1 4 8 A COVID-19 i
# W HBOT IR 7 R, A S Mg fmE R
COVID-19 #B# W T 2%, £ HBOT IR Y7 T 77
BRI TEREY . RIS B2 B
JE SRR 1 AL AR B SRR AN BEAR A & A7 A E R
COVID-19 #5, 22 imH HBOT, &R Rif, M
FHRITRRIT . B 0 SR TR T i

1 XM&EIFE

L1 el BB, 873, W RN, 1%
¥R 20 4F, &SNS S AF, BB T 2020 4F
1 H 28 H AMFERNKIIANE B ERE, 2 H 1 HA M
TE ., AR RGA . AR 36.6 °C, 1ML 138/80 mmHg
(1 mmHg=0.133 kPa) , PP 24 min ', (0%
87min ', AFF; MRTEAE, MRRAG, UV
o, ETTCE B S5, PURCEE oK. ABEi2 W
M RHZE MG (2R ) | ARSIk RS AL
PR . 181 B ThRE s [ 184 B RS ( chronic
kidney disease, CKD ) 43 4 ] | . 4 THUieeds.
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BUR P HE I CT K A /s A7E 314 COVID-19 2R3,
2 A3 HEHENM AR, AR, 178058 CT £
AR WU 22 /N IR, 75 18 COVID-19, %%
ICURYT. # A ICU MK 11: 00 MR 1k, T2
ALRK S 375 mg. & VUM S 3 mg 4% 1 32
FRDKAETE, [RIA S 2SR . IR B R
57, P T AW LIRS NCE AR L%, kAR
&Y L . SV BRIk PRy, 2R
SEB W 2 H 5 H Il s o™ &2 PErE
ZEETETRARTE 2 ( severe acute respiratory syndrome
coronavirus 2, SARS-CoV-2) BB FHM:, #7112
COVID-19. Wy T 7 223677 I e 1 12 B e e,
A ARNEERE, T2 H 22 HIRB S B, 151
WP AL, (R PR AR ok, HEkae i 72 H 24 H
FRRAEHE . PP BRI, [RIE X AE . 32
FpiA T, M 4E WHO A1 COVID-19 Iifi R4S BRI it
FEm T bR, FINHZ R G TR,

12 HBOT:iE#2 2 H 29 H, H#F#E&E &%,
R 36.2 °C, Frg A QIR B P, W 4 25
23 min ', IfilJE 110/65 mmHg, 0> 82 min ', A
i/ DVHR IS, T A HBOT. (A
W 5 7% 375 S0l A R WA 7= 19 25 28 S0 R 48R
(7% . GY2800D-A, Ni&Ed*5: 15-GZ-002, #x
i TAERT): 0.2 MPa, JFEA G R4EaA) o
i N AR, B IKIRYT 1.6 ATA (R &
0.06 MPa ) , faJEW 4 100 min, G770 [E JoHRk
SR S 2 KRR R s ki inyr. 3 A
3H. 4 HadEseRIY 1 ke HBOT 1], R
TEMR AR S AEHRE, AR FHFIRAL, AkEHE HT
JE . SCRRAYT : SKEIRENETELIH 3 g AR 2 Ik, B
UYL AL 0.4 g TR 1R, LEBarksr 0.3 g BK 2 1K,
FIELFAR 0.5 g TR 1R . IRSLFEME 0.3 g BER 1K .
ZRAN 0.2 g BRI, K0 F RS
4100 UBER 1R TS, £PHE ERE 18 mg
foE A, MR 0.3 g fl A
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Fig1 Division diagram of workplace of Hyperbaric Oxygen Department

SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; PPE: Personal protective equipment

1.4 #£EE& EARIMEX, H 75% LB
B AR B, HERAE SHEEE AW RS R
75% PSR M, BOEROH R

1.5 &RAE /b B M R E, FTh
EyF A, Sigidsk, AEREBNETERE
Ui 3 B4 A5 FE R B 5 o il A8 i
WA A R AR, TR A SR 1 A
JHEZ 1.6 ATA (£ JE 0.06 MPa ) fF4e4 <, JT
2 Pal I KR SE 10 ming B KER K % 100 min,
ZJEHRR 70 min, FFLRR, RS PEERG EE
20 min (JFZSEE X ) 5 BOT TS R W
FERNTPAL ARG, W AR A 3 1 B, dEE AR I
B, BEIPARERRE, B IE 2,

1.6 HAvrHAEE KEEARHERT K&
HEAA T A B E R 22 1 0 1000 B9 & STH IR
M, HES T SHEE T HE AR 2 TG ) HE
AR FEEMHER OB T LR, R LHEA R
WEAE, TEfR A, HERCO BT 10 m NAS R T,
1.7 HBOT % k54 & HBOTZEf)G, HHF Ml
FH B 8 4 T 51 8 T e B A R T R i B S B
BN TR WP NSRS T
THEMITENNEE IR, HESFRERERES.

IR AR A AP S Ay, 5 STH R R et 41
I, RATEIN ISR E B I

2 & R

21 FHkbASHER BEEIE L E
9 18] s pk 1L %8 43 & (arterial partial pressure of
oxygen, PaO,) EIaIRE, -k 120 mmHg,
=A% A 70 mmHg; skl — A btk & (arterial
partial pressure of carbon dioxide, PaCO,) £ 0
EARRAS, fE N 66 mmHg, HfX~ 38 mmHg,
P8 B AR B A CO, W B B4, 2020 4F
2 H 29 H #52 HBOT J&, PaO, 5 PaCO, 4 [n] f&
iE, PaO, 4E+F 7 73~102 mmHg, PaCO, 4t +F1£
38~46 mmHg. VLK 3A.

22 hEHAEEER WE3BFIR, BE2
3 H bk O 2 B A 0 (B S ok T 4 B L 48 G S
026X 10°/L 5 0.015, 5 ABeHt (1 A 28 H) MLt
YINRE, HHIGIT R 2 TR 47 BT B 7. HBOT
A (2 H 28 H ) k40 4s X4 1.49X 10°/L,
T B 40 Bt HE 43R 0.070, HBOT JE A T [Jf# 1
FasE, WWIT 45 (3 H 5 H ) IRE 40026 5HE K
0.94 X 10°/L, WRELHUA L BIA 0.041,
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Preparation of treatment chamber Preparation of auxiliary chamber:
disinfection, ventilation and keeping disinfection and keeping
unidirectional flow unidirectional flow

| | Medical staff with level 3 PPE lock-in

Compressing to 1.8 ATA and continuous
ventilation

Patient lock-in

1.6 ATA HBOT as the |

treatment procedure 1.5 | Bottom at 1.8 ATA and oxygen inhalation
Medical is
needed
Medical staff beside the patients - .
(standing on the windward side || Decompressing Unnecessary until
of the airflow) to 1.6 ATA the patients enter
compression

Decompressing to surface along

; . Auxili hamber:
with patients UXLIALY Chartiber

decompressing to surface

Escorting the patients back

to the \fvard through | Medical staff lock-out |
special passage

B2 fEEZE COVID-19 SEREEE HBOT EIF AT
Fig2 Medical escort cabin process of HBOT for critical COVID-19 patients with endotracheal intubation
1.6 ATA=0.06 MPa gauge pressure; 1.8 ATA=0.08 MPa gauge pressure. COVID-19: Coronavirus disease 2019; HBOT: Hyperbaric
oxygen therapy; PPE: Personal protective equipment; ATA: Atmosphere absolute

m PaCO, (mmHg) 4 PaO, (mmHg) @ HCO,~ (mmol - L™")
#pH @ Sa0, (%) a TCO,(mmHg) v BE (mmol - L")

A Lymphocyte percentage (%)
O Lymphocyte count (L™", X 10”)

20
120 4 HBOT v HBOT
wfe oo g
g 60 4 4 ] ‘ 3
= 40t : = 10f
sopf e g L opon B 3
L A
v | H
12+ v 5 : A A
Ske o 9 o s g & A :
4t v A O 5] m]
0 ) ) ) v ) ) ) A 0 [n] m [m] ! i I B
Jo NV AN, I\ S\ \o a® N N ap Ny I\e
R\ W@m Q,@q’ oV (& (& © S NN\ &S Iy
rLQq’ fLQq’ q/@’ q/Qq’ q,Qq’ "19% q/Qq’ ,LQ'L (19"1, ,,LQW ,LQW '1'61/ q,@'

B3 1fIEEER COVID-19 SEHEEE HBOT BIEEIFMSAMER (A FKBHABEEL (B)
Fig 3 Arterial blood gas results (A) and lymphocyte changes (B) of a critical COVID-19 patient with endotracheal
intubation before and after HBOT
1 mmHg=0.133 kPa. COVID-19: Coronavirus disease 2019; HBOT: Hyperbaric oxygen therapy; PaCO,: Arterial partial pressure of
carbon dioxide; PaO,: Arterial partial pressure of oxygen; SaO,: Arterial oxygen saturation; HCO; : Hydrogen carbonate; TCO,: Total

carbon dioxide; BE: Base excess

23 A, Boendag R mFELIAW, 2FE2A HBOT J& & 5 Ui sk A Fr ol 3%, 5 i UL A
3 HHGKAEERE A 2 526 U/L, 2 F1 28 H} 2757 U/L, 375 umol/L [ % 336 pmol/L, JR fiE M 585 pumol/L
HBOT J&97 3 W T+ &r, 3 H 3 H 3417 U/L; [ % 503 pmol/L.
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Tab 1 Liver and kidney functions of a critical COVID-19 patient with endotracheal intubation before and after HBOT
Date TPiI Alburrliln Globu}iln TBil . DBil . IBil . AST,,
(g*L ) (g*L ) (g-L ) (umol«L )  (umol<L )  (umol-L ) (U-L )
2020-02-03 67 23.1 43.9 6.18 3.57 2.61 54
2020-02-28 64 25.0 39.0 5.29 2.29 3.00 14
2020-03-03 68 29.3 38.7 6.22 3.08 3.14 16
Date ALTi1 ALP,I Cholinestffase BUN , SCr , Uric aci(jl
(UsL ) (UesL ) (UesL ) (mmol* L ) (umol L ) (umol s L )
2020-02-03 18 62 2526 27.74 401 682
2020-02-28 1 96 2757 35.21 375 585
2020-03-03 9 101 3417 32.86 336 503

HBOT on Feb. 29, Mar. 1, Mar. 3 and Mar. 4, 2020. COVID-19: Coronavirus disease 2019; HBOT: Hyperbaric oxygen therapy;
TP: Total protein; TBil: Total bilirubin; DBil: Direct bilirubin; IBil: Indirect bilirubin; AST: Aspartate transaminase; ALT: Alanine

transaminase; ALP: Alkaline phosphatase; BUN: Blood urea nitrogen; SCr: Serum creatinine

24 Bhpreted R hER2 A, £E HBOT
Ji (33 H) 2F4e AN 2 H 4 HIY 478 g/L %
%296 gL, D- " H{ARM 1.94 mg/L % 1.26 mg/L.

2.5 SARS-CoV-2 Ig#ml# % 3 H 6 H# SARS-
CoV-2 Ig Z5 R 7R, & SARS-CoV-2 IgM A,
SARS-CoV-2 IgG BHP%: .

®2 16IEER COVID-19 SEREEE HBOT MG R M IR ELR
Tab 2 Blood coagulation of a critical COVID-19 patient with endotracheal intubation before and after HBOT

Date PT(s) APTT(s) FIB(g*L ") TT(s) D-dimer(mg+L ') PTINR FDP(ugemL ') AT (%)
2020-02-04  12.0 394 478 16.2 1.94 1.05 8.2 594
2020-03-03 147 40.1 2.96 16.2 1.26 1.30

HBOT on Feb. 29, Mar. 1, Mar. 3 and Mar. 4, 2020. COVID-19: Coronavirus disease 2019; HBOT: Hyperbaric oxygen therapy;
PT: Prothrombin time; APTT: Activated partial prothrombin time; FIB: Fibrinogen; TT: Thrombin time; PT-INR: Prothrombin time

international normalized ratio; FDP: Fibrinogen degradation product; AT- Il : Antithrombin Il

RIS & I

f&, # A COVID-19 /& 5 1Y R if & — 4> M
M Yang %50 %) 4 4R I B 52 9 A6 TS A TR
COVID-19 (& # %R Y #1753 B A B, 40% f8 A
P2 Pk LA, 61.5% ABE 28 d INAET:. HEATIE
I AR AE S ROA RS, PR LIl PR R FH 22 Fh 45 8007
X, I 52 B BB A P 63.5% Ml FH B S48 i
HAT, 71.2% R HPUGE S, 11.5% K A M
R, 11.5% SR K S B il 48 (extracorporeal
membrane oxygenation, ECMO ), S51F1% R FIAH Lb,
COVID-19 FET 95 54552 HLAHGE < LU 15 5 (94%
vs 35% ) 5 37 19 45 2 ML A GE Y A B 30 4
TABE 28 dWFET-" 0 B> COVID-19 3
AT RCRRNERAE. L, RN . AR
A, DGR S R A T aO) . e 2 Sl
AEIRAS, JEMATEE A COVID-19 iR fHIXEST

COVID-19 LUHFR R A8 Ry =, FLERIN
P MESEAE R IAIRRE s B N R
FE IR B E R A . SRR ARSI, B
VI A R AN b AR 2, i
B (hyaline membrane ) J IR . FlidkH
70 o SR Bt A ARSI T e, S B AR R EE
FFE. JfH COVID-19 & Z &I HAFIR R4
FLRbpE, L, A m TG TT 3RS P 2 50
B FTIG ROFSE Y R T A R
TN, B B LR R IR T R . AR
BEN 8T FEF R, BAEMOLME RS
WP R GE IR, ABEiS & WA ik, e
R OET Rl = i —Fh . ApIERE K H—
FORAS 22, SIS B RTE AR, W2 A3 H
AMEICU £ 2 A 29 H HBOT Hij, RKEUH HIAIF S
A RIHUGE SAHGS & B R TR, B sk
AN 2R TE 95% LA I, {H PaO,. PaCO, ~Nf&
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PaCO, &g I % H AR e o

T SARS-CoV-2 ki (L 7] 1278, #id 80%
G COVID-19 WM 4 =, ks
R P 35% (U RIEME A", ik
APy, I O 4 B gk 2D AT — s R BE S B COVID-19
(B R . AN R — B IO L A0 B g X
e e R R, IGY7 L R 2R 12 M1, HBOT J5 4
PR R E WOIRAS o IR 40 B 19 A8 £ o AS BEHEBR
FA T ROVE R, (VLA G A COVID-19 & H
HBOT S/F4A I R4k 25 o

COVID-19 B 1 f& B IAF A ™ E Y4 B DI hg
PR, — 7T AT e SR A B M BEURRE I FHOC, T
— 7 T AU R A T e SEOIR S 2 T BOR EAR AN AR
WAL, HPLARMEAET:, A SRS MY B I fgkE
o AR R e — 2 Al R LR S S L O 5 i
AT RE AR 1. BFST R I, Ml s s 2 1
T MR T K S R R, D i R e
WEMETTRE S RAEM PR EA L, AP RELT
HBOT J5 IRBRARE - T+, 7TRES CO, Wk B 15 LAZE fiF
B, JREEIGTESZ B — 2 M, BT AR AR S
THFES i, XSTHIhREATE ML RP R R AR . A&
] 58 35 5 118 PR E D) fig % v CKD 4 1], HBOT Hif
I WLEFFR R ER/KSF- W 5, HBOT J5iX 2 Wids s
YA BT A . Bk 1 T BE S = COVID-19 & 1Y
FHIEME SR 2 —, SRS T M 4T ag & A= 4R
ARAE T B ot R AR Ak, AN IR SR B Il 3R
SpE . ROIBRFFGEEAIR . D- ~RIETE,
HBOT J5 & B T T . VL ik, HBOT
XSRS I 22 AT R T AL BRI K
XA E IR —E MR R ER, ART
B . 243 HBOTIRYT, ABIEET3IH 6 H
1T SARS-CoV-2 Ig &l .7, SARS-CoV-2 IgM [T,
SARS-CoV-2 IgG fHH:, #&75 COVID-19 jAfl, %A
T ICU, VERARME YR BB AR ERYT .

AP EERERE I, R HBOT 5% ML25 98k
HIRYT, TR IR (F5FR ) o2&
HBOT MIRITRCR . S FHUMGE SRR TR AN
AT HBOT A 4L, F AT N HBOT X Ji &
BRI TC FLEARYTVE R, (R A S A (e o 72 /2 1
AR T 4 B LU T RS ECIRAS Sk & i E
R, SRR REIRS R E B SRHA

JPAE T L (A4S HBOT A AR MLt i, IE%SE
RAANTHRI, LRAGYTRESHS Bl A VA e R
73X — [n) 8 T 2 B A

A BEF SRR, AHRER TS &
4 & 1 COVID-19 i 3 ) HBOT J2% 4t 3 il 72
Fe, Xt E 5] A HBOT 42 FH i 5 A H8 3 8007 #50R
UL T I BE, fEE A CE R EEY AN 2R
PIBERT LS SoREh, W7 = He 4eU P bt e i AR
B 3 N D3 B 1 0] 8 — B2 COVID-19 M & e &
1T HBOT Ry i J& . 7 {4l f& ¥ 84 COVID-19 i # 7
HBOT i, B B A DR BUBY% 55 3 9Bl
P, AR RIEE. (1) mEERN
N GUVBE AR R 3 T i SR U NS . 5 R E R
INERE 55 LR s T /N R B I 25 S R RRUR B
[ o 35 g S Y- T (14 B i 22 () 1) 25 S I
FRTR], R85 1 550 119 2 5 AN A7 B 1 SR e s ) 20K
25 5o IBRYLIR D 0 B Y g o) B SR AR 4 e A S AR
T8 T e R AR YRR R X I R R e s i A
M, (2) mEERNZE—-T2H X FRG . HBOT
AR, ORI R R R R SRR
G TR R, AR AR R AN AR
{14 [ s (e P SRR S B . AR s R ZHE
B HRREAIS, AR B A R SRR I
(3) A3 PR W M 55 Py B 4 N D3I I S AR 43
B o BEARTF R R R N B PE RS (Built-
in-Breathing System, BIBS ) f9[fj 55 09 4l 4, &
BV A EOE Y R A T HEAE I, I H R
AN Sl . B A GUFIAE N 23R, AR T
BE SRS AR, LI — 7 1
FESAAIE TR 5 o o R AR R s ol 1 T 7
T (1) Ik, AR AR A B 425
& BRI T RE, XU IRATR A T By G/l
SEINERRY, Seaffuiizbaif. (2) HEA 0 Ak
ROEREHET . ENAMR L T &R AR
SIHRERIE RS . FRATTEIE CHE S b o 5 Sl R
T IR HRIX S P i, b B T RIS Y SR R A
B S EOW AL

Zi I Fr b, HBOTH F| T 2§ fi f& & AU
COVID-19 £ # 1) CO, Wk B4, X B G HL AR ke S 454
. DA S E I REA BWAE ], REGE AL
o5 g B[R], R A AL AR E B AR . HBOT
BRBUA, FERNATT RS SGHERRY . R, %
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