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Abstract:  Objective To explore the fluctuation trend of carbon dioxide (CO,) during sleep in children with
moderate and severe obstructive sleep apnea hypopnea syndrome (OSAHS), and to analyze the correlation between CO, and
polysomnographic (PSG) indexes. Methods Twenty-one children with moderate and severe OSAHS confirmed by PSG and
transcutaneous partial pressure of carbon dioxide monitoring ( TepCO, ) ( OSAHS group) and 25 healthy children ( control
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group) were selected. The general situation, respiratory events and TepCO, trend during sleep were compared between the
two groups. The correlations between variables of TepCO, and PSG were analyzed. Results  There were no significant
differences in gender and age between the OSAHS group and the control group. The body mass index ( BMI) [ (27.9 *
6.8)kg/m’ vs (16.8 £2.9)kg/m’ ], apnea hyponea index ( AHI) [ (21.6 +17.2) times/h vs (1.3 £1.0)times/h],
obstructive apnea index (OAI) (1. 1times/h vs 0.0 time/h) , obstructive apnea hyponea index (OAHI) (19.2 times/h vs
0.2 times/h) , oxygen desaturation index (ODI) [ (19.5 +£16.9)times/h vs (1.1 +1.0) times/h], the average and
highest values of TepCO,[ (46.8 +3.8) mmHg vs (44.7 £2.5) mmHg, (54.8 £5.3) mmHg vs (48.9 £3.3)mmHg],
TepCO, in non-rapid eye movement (NREM) [ (47.0 £3.8) mmHg vs (45.1 £2.4)mmHg] and TcpCO, in rapid eye
movement (REM) [ (48.0 +5.2)mmHg vs (44.4 +2.8)mmHg] stage of OSAHS children were higher than those of the
control group. The averages of oxygen saturation (Sa0,) [(96.5 £1.2)% vs (97.6 £0.9)% ] and lowest SaO,
[(82.6+8.7)% vs (92.2+2.9)% ] in OSAHS children were lower than those in the control group. The differences in
BMI, AHI, OAI, OAHI, ODI, average and lowest Sa0,, average and highest TcpCO, , NREM TcpCO, and REM TepCO,
between the two groups were all statistically significant (all P <0.05). There were no correlations among the average and
highest TepCO, and the BMI, OAI, ODI. Conclusions
whole night. CO, in OSAHS children has a rising trend during sleep, and the level of CO, in REM sleep is also higher than

TepCO, monitoring can reflect the dynamic changes of CO, in the

that in NREM sleep. CO, level can not be judged according to the PSG indexes, but needs to be evaluated by objective
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inspection.
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UG H L B AR A — M o AR AR N S A2
ST TR R 5 ICE O T RARAE
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2 1 — S AL Bk 43 JE ( transcutaneous partial pres-
sure of carbon dioxide, TepCO, ) Wil £ A & —Fp TG
B BhAS GEZ AR 7 20, 7E A IR ZS R 5 ik i
& AL Bk 43 [ (arterial partial pressure of carbon diox-
ide ,PaCO, ) A ARGF (1 AH G , 1 5 [ B AR P 27 230k
] LR PaCO, JEATRCIE] CO, BT i 4R
C&8 )z B Tl R, FeATE A % rp B OS-
AHS 8Lk T # % 22 5 B BRI ( polysomnogrphy ,
PSG) #l TepCO, By [R5 MM, W1 AP R OSAHS i L
BEHR I CO, PeshilaFvhe sl , 7t A8k 5 PSG il
FEPRAYAH I AE o

1 #REFE

1.1 B4

WegE 2019 4F7 H—2019 4F 12 A stz T L
PR BEREAR H 0 1 OSA JLEE IR [ Jb 5 M X 2 4%
s X A fa LB, T b )L B B B AR 0 52 K
PSG il TepCO, FyTRIAL Wil , A4 b L #E B ZE 1
AR B 4592 7 S5 9A T 5 R (2020) ) ) B2 BT bR
HE, 4334 A OSAHS 20 Fixd i 2H . OSAHS £ 21 4],
F 15 i, 2 6 il 4E R 4.5 ~16.5 %, V- 4R
(10.1£2.9) %, X2 25 41, 55 16 51, 2 9 5
MRS 5.2 ~14.6 % SEAEIR (8.7 £3.0) %, Fi4l
SEUARIE 25 e e84 7 L. OSAHS 4 &
JUATEFE R (body mass index, BMI) 5 T XJ Ji 2, P
A A 2E R ARG EE (P <0.05) , L3k 1,
1.2 g AbRifE

(DOSAHS 4 : 17 PSG #1219 OSAHS JLZ, i /&
OAHI >5 W/h, fF6 HEE B 1912 Wibr o ; @ X HE A -
[Fi FsF AL 43 7t 01 1 J31) D R S 0] B AT LA TH 4R B2 G
FTRFAfE R L 3EAE o XT B4, 17 PSG B4k OSAHS
MLE, AR C S ERR Y% o, 5
XMW NI R
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FEIR OSAHS 1 (n=21) IEH 4 (n=25) 13 P
PERI (B /%) 15/6 16/9 0.287 0.592
FEW (%) 10.1 +£2.9 8.7+3.0 1.685 0.099
BMI(kg/mz) 27.9 £6.8 16.8 +2.9 7.409 <0.001
1.2
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KK F| P, Compumedics 2 &) E-Series , Grael %
5 B A0 A 3 [ RFIR A R ] AlliceS | Allice6
RS WA W DA . S8 LTE B SRR ARE , A BE Hif
AR FHMIE 58 T SR B B HIR R, A A0 i ) e ]
it 7 ho [ AR 2 IR PR 10 - 20 BRifE . BEMR
A S E A A5 i P, (6 ¢, 0 3] SR X v e XA
DRI 2 ) IR R AR UL AL B R A (il
PP TS ) A% s ) iz gl I AR iz 3l (£l ]
RIP Jig i 1% s ) IR 2l | i 4000 A B8 45 ks 5 [
AR = 2% 2 ( American academy of sleep medicine,
AASM) BEHR P46 19 2. 4 WA BOFRTE , 2 44 BRI
FXS PSG 45 R AT N b B AR

1.2.2  OSAHS #irarofe A b ) L BH 2 1 e
BRI 4532 W 55 3R 97 16 (2020 ) ) 2 18 JL 3 OS-
AHS, FEAREIRG AR b, BH ZE AL B 5= I AR L
(obstructive apnea hypopnea index,OAHI) >1 ¥X/h 7]
LIz OSAHS, %55 :1 Y/h < OAHI<5 ¥k/h; W BE .
5 ¥&/h <OAHI<10 {X/h; EE . OAHI > 10 ¥X/h,
1.2.3 TepCO, YmiAL RHIFHEEE TCM4 #lS
WIS W e A A T AR OE , SR 5 M5
S R GUE I I S B PSC AL, {7 K

Bl LBl IS, USJLTHE PR 173 Ao ik
FEREE KL, AT B R 75 o 2 B i i, TR B e A
43 C,
1.3 Gttt

Giil MR IMP 11. 0 S, A8 A5 & 1R 4
O3 R % s R, PUALIR] FEBSR AT S AR AR ¢
Ko ANBHE AT RS0, B LA M Pys, Pos ]
PR, PIALE] EBCR TR M B . JL# TepCO, A
R ZR IR R (81 3B , 4R F XU AG 56, A
P <0.05 NEFEAGIHAE

2 HR

2.1 PSG #1 TepCO, Hu¥E bhis

OSAHS 21 i JLIF W B 451 < 45 4 (apnea hy-
popnea index, AHI) | BH & % 0 %27 {5545 %% ( obstruc-
tive apnea index, OAI) (OAHI 5§54 (oxygen de-
saturation index, ODI) \TepCO, F35{H M & fH . AE
B AR 31 ( non-rapid eye movement, NREM ) TcpCO, |
PL# IR 3 (rapid eye movement, REM) TepCO, 575
TXI IR, OSAHS H & JLF-1 Sa0, Ak Sa0,
T X B4, P4l AHI, OAL,L OAHI, ODI -}
Sa0, \ i & Sa0, . TepCO, ¥ M fE & fi i {EL . NREM
TepCO, .REM TepCO, Ho B, 2% 5 AT 5 12 7 X
(P#<0.05), W2,
2.2 TepCO, V34 ME Fl B /e (HL 5 45 728 5 19 AH DG %
i

WAL P R BUE PSG 4845, %F OSAHS JL
HHA HEAS W W OCHE AR OAHI 1E R 742 & i
FIRARAE I o PIALIE] TepCO, P24 {E iR e EL
£ BMI,OAHI,ODI JoAf et W3 3 4,

F2 WAILIE PSG Fl TepCO, Fdl b (xxs)

515 OSAHS 4 (n=21) EHH(n=25) t(Z) P
AHI(¥/h) 21.6+17.2 1.3+1.0 5.908 <0.001
OAI(IR/h,M[ Pys ,Ps5]) 1.1[0.0,2.7] 0.0[0.0,0.0] (-4.178) <0.001
OAHI( IR/, M[ Py ,Ps5]) 19.2(5.8,25.4] 0.2[0.0,0.7] (-5.820) <0.001
ODI(¥/h) 19.5+16.9 1.1+1.0 5.439 <0.001
SR (%) 96.5+1.2 97.6+0.9 -3.804 <0.001
A% Sp0, (% ) 82.6+8.7 92.2+2.9 -5.164 <0.001
P-4 TepCO, (mmHg) 46.8 +3.8 44.7£2.5 2.305 0.026
515 TepCO, (mmHg) 54.8+5.3 48.9 3.3 4.629 <0.001
NREM TepCO, ( mmHg) 47.0+3.8 45.1+2.4 2.100 0.042
REM TepCO, (mmHg) 48.0+£5.2 44.4 £2.8 2.953 0.005
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ODI 0.770 0.657 0.515 ODI 0.252 1.621 0.112
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WP 2R 48 1 R BT ReAE T A HLAR SR O, HEH
CO,, HZ 5B A4 . FLA T 25 LT &
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4t SHEIR - SEEEAH G I R R R T UL R 5 —
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ZS SRR G, 825 8 0 8 ek 55
TR W JE Y D RE A A8 FE AR, A [ B B e A X
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HIAREERE I T R o 1A SO 283 R [ 3l S
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TR AT S U SRR, A
BRI B S . FEREHI N R B 2T B TR ER
AT PR AT R4 —EE BRI Ry
TR B ARG I A7 g 3 in AR RE it — 2 T
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WP IR 4 R 1 A D OSAHS ™ B 78 J3F 1)
FRE, WS MR E TN ESR A A HDIR A
fathle JLTE 7E AR J5 , 5520 B8 A I, XHIG 0, (i
CO, 1BV fig 735 PRy 0% , B 76 £t B )L 3 m] LA
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ACE LR Y 2 0 5 R RRCR S A 0 L AR
Ja e By LA it b A BT 8 2 A7 2
e MR IR A3 AE A 2, WK O, F1 CO, I B4 it
—HE Y ARBESE S R R, OSAHS H LA IR
] TepCO, FIMH S m (EX s TX 4L, Jioh, &
& OSAHS 8 LA ] WP B fs R g i ()<, A fa) B 5
FRE CO, AN L A S O P 5 R B v o

OSAHS 2 AL Fildge @& TepCO, = F Xt 1]
44,11 H. REM BER TepCO, 7K-F-4¢ NREM HEHR 7R A
FrE s X 5 REM [ IR P I B 8l i — 25 55 , b
OB IR ILEE— AR S 2 R P S R
AEATE K O, feidy CO, KM NHIE ., CO, Ft&
FEAE R B PEA IR AR & A, AT 7 OSAHS 4 i

ODI,BMI % &5 FXF FR 41 , {5 5 - 3 F1 B & TepCO,
FETCAH G, F W] OAHIL, ODI A] D S5z e Wi = 11y
RN R BRAA R B, AN BE H I B 1] CO, AR
K HE OSAHS [ L H 1% (B U 12 e [] #k
fik O, i CO, AHEAE A5 W W Ho X 1) 127 sz
AEBURRE T B, B R (B TR R T R
WEILBLR " R (T, SRR
FRELI AN RE A, 11 S g WP 0 < R 48 50 OAHT JEAR
VAN

TepCO, WA 4k G 1 i 52 >R I 325 o8 174 Bk Al
F B, AT DARREE MR ] CO, 7K, S e g CO,
M AL, TepCO, 38 o 28 Bz W AN 1 AR K FEL A
(Clark FELAR ) INFR R T B 40 000, 68 0L 3 = 384 0, B2
JRAZS 3k A 1G i, B AN L4 N Y CO, a2 R SRR
o e 2 T B IO 2 TP R AR I 3 R Sk 2 il
BROL 2y HAle S 2 )R] S B rh s AL, &
TP 173 b, ZEFFRERIHRK B Rt /K
i Ko B R HE R AL | AR AE W I B TR . Pl T Rk
RART S B =, BRI TR Bk CO, A g,
B I TepCO, #¢ PaCO, 37 4 ~5 mmHg "', ¢
BRI IEFR , 2240 LI A B PR 4 I B2 Ry 42, 5°C i
A ARAT R AR S B R I R, A S E
BT o Rt K s ] W R S 4L ik 2
O, FTFEAS R 2 ~ 3 A [ 36, BEEIFE 1 ~2 h
IR . WEIZE SRS , AN T RV i [ 5 36, 554K
INBS I BB A0, TR A

Z5 LTIk, TepCO, X} 4347 4% HRHR I (1) CO, B
A —E GRS % 3 X, B RE MR OAHIL, ODI
TRECR KT CO, BY7KF-o HI T TepCO, Wil {EL i #
A PaCO, W2 AL il J5 2min a8 BT, PR = 22
Tt CO, shasa.

S 3k

[1] Tto E, Inoue Y. The International Classification of Sleep Disor-
ders, third ed-ition. American Academy of Sleep Medicine. In-

cludes bibliographies and index[ J]. Nihon Rinsho,2015,73(6) :

- 87 -



r ] - 5 AR TR AR A 3

F28 &

(3]

[10]

[11]

916 -923.

Eskandari D, Zou D, Grote L, et al. Independent associations be-
tween arterial bicarbonate, apnea severity and hypertension in ob-
structive sleep apnea[ J]. Respir Res,2017,18(1) :130.
IR T, 25T NI R L2 B M B2 £ Il < 4 AL - I
W NRHLAR )] AR AL IS AR 1 4%, 2018,4(2) :80
-83.

Raveendran R, Wong J, Singh M, et al. Obesity hypoventilation
syndrome ,sleep apnea, overlap syndrome: perioperative manage-
ment to prevent complications| J ]. Curr Opin Anaesthesiol ,2017 ,
30(1):146 - 155.

Kapur VK, Auckley DH, Chowdhuri S, et al. Clinical practice
guideline for diagnostic testing for adult obstructive sleep apnea:
an American Academy of Sleep Medicine clinical practice guide-
line[ J].J Clin Sleep Med,2017,13(3) :479 -504.

TEJLE OSA 2T 5AYT IS T LARA, h e R 2 H L
M e Sk SR gy 2 /N LA 4L, P AR R 2 o L RL A o 2 I
20 A b LR B JE M B IR VR IS 2 W SR AR
(2020) [J]. shAe - BLIANE Sk S4MER 2% 75, 2020,55 (8 ) : 729 -
747.

5SS B R R 7 452 5 PR R R 35 D e [T ] BR 24T
F5iiR,2003,32(6) : 13 - 17.

Carney PR, Berry R, Geyer J. Ifi REEIRZHE [ M]. 555, B K
R, 7. Jbat: ARTIVE ek, 2011 :56 - 57.

IRz, AT A AR A M D0 7 B A P IR B 1297 v
MPERLI]. WRHERIE 15528 ,2019,14(1) -1 -3.

KuwaKi T, Li A, Nattie E. State-dependent central chemorecep-
tion ; a role of orexin[ J]. Respir Physiol Neurobiol ,2010,173(3) .
223 -229.

Horner RL. The tongue and its control by sleep state-dependent

modulators[ J ] Arch Ital Biol ,2011,149(4) :406 —425.

- 88 -

[12]

[13]

[14]

[15]

[16]

[17]

[18]

R, )R PR B REIRIE R [T ] IR 23,2013,

28(8) :954 -958.

VB H R LEMREEEAMELT]. RS ILRHIG R 2%

%,2014,29(4) : 251 -253.

26, #UNET, 55 B AR AP OE A B 28 e e P 1R 2 45

R LR B AL R R B R R R AT ()] K HEE 24,2017,

45(12) :1292 - 1296.

Tonelli AR, Alkukhun L, Cikach F, et al. Are transcutaneous ox-

ygen and carbon dioxide determinations of value in pulmonary arte-

rial hypertension[ J ] ? Microcirculation,2015,22(4) ;249 —256.

Stieglitz S, Matthes S, Priegnitz C, et al. Comparison of transcuta-

neous and capillary measurement of PCO, in hypercapnic subjects

[J]. Respir Care,2016,61(1) ;98 -105.

Hirata K, Nishihara M, Oshima Y, et al. Application of transcu-

taneous carbon dioxide tension monitoring with low electrode tem-

peratures in premature infants in the early postnatal period[ J]. Am

J Perinatol ,2014 ,31(5) :435 - 440.

XNEEL, o AR . 40 B AR T A BR i s I Y 7

SCRER A JLRIRE I ()] L5t Be2%,2020,42(3) 1193 - 196.
(Wi B 872021 -02 -08)

A5 AR, R VAR A R B 2 A B R
PERE LA AR AL = AR S5 5 B [ ] v [ HE 2 A
PR AR 5 ,2022,28 (1) -84 — 88. DOL: 10. 11798/j. issn. 1007
- 1520. 202221042

Cite this article as:ZHENG Li, WU Yunxiao, XU Zhifei et al. Car-

bon dioxide monitoring in children with moderate and severe obstructive

sleep apnea hypopnea syndrome [ J]. Chin J Otorhinolaryngol Skull
Base Surg, 2022,28 (1) :84 — 88. DOI: 10. 11798/j. issn. 1007 —
1520. 202221042





