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[ Summary] Alveolar hypoventilation and respiratory depression occur frequently in a variety of clinical settings where patients
receive sedatives or opioids. Current clinical guidelines recommend capnography as one of the best non-invasive methods, which should
be routinely used for non-intubated patients with high respiratory depression risk. This article reviewed the current evidences for the

application of capnography in non-intubated patients and summarized the outcomes in recent clinical trials. The clinical studies support

the use of this non-invasive technique. Clinicians should not solely rely on pulse oximetry in assessing patients with high risk of

respiratory depression.

[ Key Words])

‘DL I Ty RE M D 35 B 45 M 3 < e
il S Dy B M I A0 2H USSR A 0 o JRR e 40 1] 1
SIIRE b R LAY R R I OR A ik o R (CO,
pressure at the end of tidal exhalation, P, CO,) Fl3f
Jik i — 4 Ak 5% 43 JE ( partial pressure of arterial CO, ,
PaCO,) o Py, CO, 1y —FhIo Al Wil 7 =L, nf LA J] 4
S PaCO, o P CO, 7KV 32 HLAAR A K - 9 T
JRE 00 fii 9 388 R 0 A5 5 W, AT R s i R/ LR L
(V/Q)" o BRI, P CO, B RN 7 3 1 % M
I 7 W R PR I FOAE W P RR IS R A = A
HE I OE, T T s R RE i E R S
(A7 B S I 2 B I L ) BT e ] 4 e AL 2
HOFN A5 T P WAL A SR L AR P CO, 5 iR AR

+ S IHAEF , E-mail ; liminanesth@ aliyun. com

Capnography; CO, pressure at the end of tidal exhalation

o i TG 28 M e i i, O AR A W I A0 B 2
AE LA S PEAG O il 52 90 1 B0CR 2 A AR OR IR R
SRR B A T R K R, AN AURT T BE A A [
W8, b al T B Ah 2 B, AT TS R
W T T A5 2B T AR RIS £ A AR A R . AT
Xt I R AR e AP R AT £ 0

1 MHSZSAHRENHER

e A 385 3 JO7 FH ) I A AT e 00 SR 41 21
S IR, 2 A 22 i A SRR I, L AN OB R O
HAE L SRFEA, CO, XK 4.26 wm Z04M R H A
SRELI AR, Wl i 5 CO, ¥ B2 JRIE Lo, 38 o
SE LLAN G IR B, S5 S 28 e Ml A AR A5 0 R R



- 1042 -

o [ B AR B2 2016 4F 11 A %5 16 #4245 11 ] Chin J Min Inv Surg, November 2016, Vol. 16. No. 11

AR AR T W I A R 5 R

R A SR A T 9 I AN [R] I AR A A il A A
SR ERRGERA/ MRS Y. BERSR K asME
TR TS B WO B A%
o MASTE TAZ AR & B T NS IE 7% b, O
A3 T I B L TG A A B RE AR AR B A 5 Bk R
A HE YG I BE 3 RN BE s A% T A I AR T B v UK,
T LA H K AR R K EREE B AT
N AN 5 B4 . 55 3 =X R A I A R T 0 il AR
SARBEAS 2 28 41 0 R O A K B
X A AT SR BE S B (150 ml/min) o G 5 60 45
TRFU/IN, B 5 N TR IR B &, R E
JIN U AU R, BB B s B A Y W 5
T I IER AL, W BT PR AR AT N K, R
XF CO, 1Y e A8 B2 o 1%, 75 2280 A0 1A AR A0, [m) s
SR A
11 (X = R YA

LRI W A 8 Y Pty — 480 T 0 00 S0 3 s s L A
K, s i (il sk 5 25 2 D e WA 5 o — 1Rk,
T FAR AR W3 %, A BEHT T 5532 38 v e
2R TAEK, 0 — 2o 485 =X of = = Ak Ak
WAL . & E Mallinckrodt 2 7] — 3K F 2 K /MK
5 i A T A A AL B WS I NPB - 757
i HL Phasein AB /2% ®]WF & 19 3 i 20 EMMA i # 5
CO, W AU R /NI ARBUL A 52 em x 39 em x
39 mm , 40 3% HL b A T B Ol 60 g — WRVE 4l A Y
Sl N TBE I Jg 6 ml, BLI M 1 ml, 7] B R
BERESRE  BA 2RI, v 520 MER 132
B P, €O . Kim %50 xb 35 4 45 Bk R % A
EMMA {8 # = CO, W4 Wl , 5% ] Bland-Altman
Githag dr v, 45 9L o5 EMMA™ fi #5200 i 43 i 52
) P, CO, 5 PaCO, M LA B F 2R, WH A
B ) — S5t s A 48 T A AR A e W A
AR 1 © 2218 BITE 92

fEHE & X FFARFSIN 2SS AT
M Jili B2 9RO VA SRS B R s i b i 4
FHAEERE L, A, P, CO, 3 )y il 5 95 ¢
B E B AL o AR A TN AE S, Touma 451
XT 23 WO BT AT R G Rk (FEA = R 30 ~
737 ) , 25 BT 5% 45 HE 2 W, 0 i U5 0 e A K
2B EEAREE P, CO, 760l 52 75 ] W] i 25
TRKE A EREANERE, Z ¥ P, CO, >1.33
kPa % , 42 %45 &% 09 BB E i 100% , P, CO, < 1.33
kPa I 38 271 $5 71 B T KUK 384 A

1.2 28 55 A8 SRR 1 — S Ab Al 4

1% Gt 1y 3 i 2 AT e SR e i B
RESE GEH T B E . B ROR B R A

SRR R A P CO, IR HE R R B JERE B R BER

FEAHEBU/NIS pL) SRR 5 /N (50 ml/min) |, 7] 5
DK AR S ACREEE, BN S KR, T ik —
A WS K VRN AR I, B T TR A A R T
MTIEMmS MR ET 2 858 03RS0
TRARER WE A, AT LR AR A R R AR T R
R RN Z R o w % 1 WD W i i s = W i = 3
W A (4 2 e 5 2, T AR A IR S T R
3 S O AT A LA AR

25 B W 5 SR A ) I A B e S
B © 2645 $IIE 92, Zhang 45 8 20 451 i 355 5%
A1 807 D85 T I A5 1 52 b R S D B i G O
Smart CapnoLine W Il Jff ff £5 7t R 28 F 5 50 0 348
P,.CO, 314 P, CO, [d] PaCO, %5 5 k47 1 5 1 43
BP, 45 9 R P, CO, 5 PaCO, HI3:PEH 0.971(P <
0.01) , W Wi # ELA B (AR e 1 o 75 e 2
K 42 {5 Jay 0 R T A7 500 8 B I A5 X 52 B AL 4y
PR SR T AR D S P, CO,
) 7 A L e W AR R Ak e WA ) B i, [
B3l ik PaCO, MEATXT e, &5 R Won 0w 1 S B s
My Py, CO, 5 PaCO, A7 5 AH I 4 L 4F 1) — U
PR, R0 1 551 P, CO, AT LLHERR S B PaCO, , %
W R 5 L/min X 28 f0R 11 558 P, CO, W N 1) o
WA R, BT, 20 B 5 R AR T R
A B M T AS A R 9 TR R L) T I R, 7
B 0 s B A DL 5 1

2 JHEEBEHEE PLCO, MK A

2.1 ARHEE B P CO, WA E X

TR TE F ARSI IEAE TG b7 | 28 W AT 132 B 24
Yyl Bl i S 25 R Ik 88 SR v R A ] i S R
it L 38 A R R A LR R, T R B
T B T e A A TR AR R
T JFR I 2 0 A 2 ) =2 B, — ELR Hp R A 7 P R 4
], Ak BRER LU o G, AT 7 £ 3 B U
(1 [t B ok M0 R i RS0 5 ) R R A o 2 OC E
B B U 2 B 2 W I B R R
) St S B 3 A A e A R e LR R, B
AN TR A AT 245 4y 4 B M e AT o BOIR S TR
WA A K A2 3 4. 1% P 1. 1% F8 3% 5 B4 Bl <
N 2 s



o [ A A RE R A 2016 4F 11 A %5 16 #4245 11 8] Chin J Min Inv Surg, November 2016, Vol. 16. No. 11

- 1043 -

X 42 A7 BRLHR 245 ) s BT 25 24 ) ) R A UL LT
W 1 %6 ) SRS FR: A ik 5 48018 A (pulse oximetry
SpO, ) 2 W ) G 0o i otk 0 TE A HL 22 iy O 5
{5 2 e 1R 1 5 3 AN BB e B ad SR AR R4, Y T B
7T I 0 0 A B R TR R AT TR M R A
SpO, WA DL R A A RAE HE H5H A Z 2 4
SEA AN 1 2R B AR L X T R A R Y AR
L ANN Y AR SpO, X £R A UEAT AR 1 AR Y
T, G T E A AR
2.2 AR R PLCO, Wi Y 1 B 5T
2.2.1 HHEBRHE

Cacho 25" Xf 55 f5i] 5% JH WR 5 e Wk s 22 5 T
AW S5 KA F 25 Y A ST I Bk 4, v
Microcap £ & W § 4% K # 19 P, CO,, [&] & W5
Sp0, , Py, CO, K 29 W (16 ] ) M0 S5 % 1% 0L, 5
R B SpO, AL &I T 11 % (9 f) , ATk R FH
RE T AT kA 5 h B 4 i, P, CO, Wil
4 Sp0, A {5 F W &, Friedrich-Rust S
533 ) BFRIR ST A7 1 B A k4 (SpO, <90% ) il
JHEAR 4RI AE (SpO, <85% ) F A, NI Py, CO,
AT LR & Bk 4 (18% vs 32% , P =0.00091) ,
73— BENLAIE 5T 3 W0 I B A6 4 £8 3w JL 0 P, €O,
W FT B A 50% B4R & R R Waugh 45
1 ~16 2 B L ER AT o Sk A, 3k 3]0 2 AR IR
JERYEE 5,10 .15 min J§ P, CO, 5 Al {E AH L B 2
Tk 5 SpO, T ek s

VLI meta 4347 R W], (LGE i SpO, H g g i
AR BE AT B A0 Ak B A A8 O R 0 R 0 K AR R
Py CO, M 7 B0 e Wz 41 o 8 = 00k iz e il iy 17
Y BRI, CO, PR IE R 38 S 48R R
T i (], {E 2 P00 19 9 O AN Q3R S IR B,
13 B e FEARR IR Y CO, B HAT, G IKIE
PIHERERs Py CO, WA A TF Ak A 4 457 18 3 8 <2
RE M SR AE PP 48 A, L 7E 9 B2 %8 AL 48 5 O R
i MG A 00 = ) A I FH L B A S R U O Y R
BT PR o A 5B R I I R 2 4 2 R
PR BU R Py, CO, AR i B 28 IR 3 B e AR 3
R o

[ PN I AF R I e 1 25 S B R A TR T TR
AR R 22, JRR IR 15 U 8 AL 1 R SRR R OR 4R TR
Y ETIE FE L H AT XTI 2 e Y 0 AR T
SpO, , FATTAHAR 28 S WA 3 48 R AF 19 I 1R AR S b ik
W B A 5 | R 1 — 2D $ e R I A
2.2.2 BTRZEAYERREH 1R 178 Fl A A%

9 ( patient controlled analgesia, PSA) f{ Bf 55 77,
SpO, W2 7R 12% 1Y & & ) BRI 4E (SpO, <
90% ) P, CO, Woill i /R 41% B HB 2 o B 0P WG 410 o)
(PP % < 10 Y/min) , HAFSE 3 min b 1270
XF T BT 26 25 W i S8 I P, CO,  [) AR M i
P, CO, XJHRALAH LL , B 5 PR 3th i 30 I W8 A1 3 AR
P 2 BT 5%, 5 B EAT 415 DL 24 W 30 B Bl 26 245 W 1 T
R 5 151 5 /L 409 5 LR AT B g 4 e D ) R
B> 100% 2 B G SR AE IR R R AR
0o 4 T 0 FH BT )7 26 PCA 20 19 £ L (H L #E X
F 50 A A K0T 2 A PR L PCA Y il
LR, S5 5 B E PRV (B R 2825 )
J W 1 A AR A B s D SO HRE L K e R PCA Y 2
B, A BE R A B AR 1 v, )ORIE R A

3 Ihg

P CO, e Wi 8 2 1l < RE 7 1 A A B
SC, AT RUR e 3 V/Q ARZS, X il R H By PaCO, H
A8 TR, BSO FR S AR B LI H
MEH R Z PRSI REE BMEAEE X
AU IR A A A ) B R A Y S & PCA YT R,
Xt B ST AT R 28 24 Wy 1 S S A O I 2
I e VR e Y T 3 1 S e - S Ve
AR s I A R AR | S T BRI G 41 o
07 TG 5 A B o JRRE 5 A AR S Il PR [ 2R 7 5
3 T AT P 0 2 B B4 M 0, X A I R 41 R Bk PR
ILAE ARSI AE XU (9 58, AN D 4 B 4l 48t SpO,
PEAT I

2% ik

1 Restrepo RD, Nuccio P, Spratt G, et al. Current applications of
capnography in non-intubated patients. Expert Rev Respir Med,
2014, 8(5) :629 - 639.

2  Kodali BS, Urman RD. Capnography during cardiopulmonary
resuscitation; Current evidence and future directions. J Emerg
Trauma Shock, 2014, 7(4) :332 -340.

3 Singh S, Allen WD Jr, Venkataraman ST, et al. Utility of a novel
quantitative handheld microstream capnometer during transport of
critically ill children. Am J Emerg Med, 2006, 24(3) :302 -307.

4 Lindstrom V, Svensen CH, Meissl P, et al. End-tidal carbon
dioxide monitoring during bag valve ventilation: the use of a new
portable device. Scand J Trauma Resusc Emerg Med, 2010,18:49.

5 Kim KW, Choi HR, Bang SR, et al. Comparison of end-tidal CO,
measured by transportable capnometer (EMMA™ capnograph) and

arterial pCO, in general anesthesia. J Clin Monit Comput, 2015,

(4% 1052 71)

Aug 12. [ Epub ahead of print]



(E#BEE 1043 77)

6

Touma O, Davies M. The prognostic value of end tidal carbon
dioxide during cardiac arrest; a systematic review. Resuscitation,
2013,84(11) :1470 —1479.

Kasuya Y, Akca O, Sessler DI, et al. Accuracy of postoperative
endtidal PCO,

measurements with mainstream and sidestream

capnography in nonobese patients and in obese

Anesthesiology, 2009, 111(3) :609 - 615.

patients.

Zhang C, Wang M, Wang R, et al. Accuracy of end-tidal CO,
measurement through the nose and pharynx in nonintubated patients
during digital subtraction cerebral
Anesthesiol, 2013,25(25) :191 - 196.
KA, KEM, £ QRO H SRR TR i
B A LS. AR B2 TR IR, 2011,15(5) 461 - 465.

Pino RM. The nature of anesthesia and procedural sedation outside

angiography. ] Neurosurg

of the operating room. Curr Opin Anaesthesiol, 2007, 20 (4) .
347 -351.

g kK, E B, S AR R 7 25 K e 54 TN A R
i 1 A TR 9 2 TR b R I B ML BRI 5 o I R A
B, 2015,15(9) .777 - 780.

Eerey
v, 2

Sacchetti A, Senula G, Strickland J, et al. Procedural sedation in

the community emergency department; initial results of the
ProSCED registry. Acad Emerg Med, 2007, 14(1) :41 -46.

Eisenbacher S, Heard L. Capnography in the gastroenterology lab.
Gastroenterol Nurs, 2005, 28(2) :99 - 105.
Burton J, Harrah J, Germann C, et al. Does end-tidal carbon
dioxide monitoring detect respiratory events prior to current sedation
monitoring practices? Acad Emerg Med, 2006, 13(5) ;500 —504.
Papachristou GI, Gleeson FC, Papachristou DJ, et al. Endoscopist
administered sedation during ERCP: impact of chronic narcotic/

benzodiazepine use and predictive risk of reversal agent utilization.

16

20

21

22

23

Am J Gastroenterol ,2007 ,102(4) .738 - 743.

Cacho G, Pérez-Calle JL, Barbado A, et al. Capnography is
superior to pulse oximetry for the detection of respiratory depression
during colonoscopy. Rev Esp Enferm Dig, 2010,102(2) :86 - 89.

Friedrich-Rust M, Welte M, Welte C, et al. Capnographic

monitoring  of  propofol-based  sedation during  colonoscopy.
Endoscopy, 2013, 46(3) :236 —244.
Mora Capin A, Miguez Navarro C, Lopez Lopez R, et al.

Usefulness of capnography for monitoring sedoanalgesia: influence of
oxygen on the parameters monitored. An Pediatr (Barc) , 2014, 80
(1):41 -46.

Waugh JB, Epps CA, Khodneva YA. Capnography enhances
surveillance of respiratory events during procedural sedation: a
meta-analysis. J Clin Anesth, 2011, 23(3) :189 —196.

Conway A, Douglas C, Sutherland J. Capnography monitoring
during procedural sedation and analgesia:
protocol. Syst Rev,2015,4.92.

James JT.

a systematic review
A new, evidence-based estimate of patient harms
associated with hospital care. J Patient Saf,2013,9(3) :122 - 128.
Overdyk FJ, Carter R, Maddox RR, et al. Continuous oximetry/
capnometry monitoring reveals frequent desaturation and bradypnea
during patient-controlled analgesia. Anesth Analg,2007,105(2) .
412 -418.
Miller KM, Kim AY, Yaster M, et al. Long term tolerability of
capnography and respiratory inductance plethysmography for
respiratory monitoring in pediatric patients treated with patient
controlled analgesia. Pediatr Anesth,2015,25(10) :1054 - 1059.
(ks H 1 :2016 -03 -17)
(&1 A #1:2016 - 05 - 13)

(FWAERH: FHR)



