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[Abstract] It's necessary to interrupt cardiopulmonary resuscitation (CPR) for a reliable automatic external
defibrillator (AED) rhythm analysis, because the mechanical activity from the chest compressions introduces artifacts in
the electrocardiogram (ECG) that substantially lower the capacity of an AED to judge cardio—electric thythm. However,
repeated interruptions of compression will reduce the quality of CPR, which in turn affect the prognosis of patients with
cardiac arrest (CA). In order to improve the quality of CPR, reduce the interruptions of chest compression and implement
accurate defibrillation, people have made many efforts on identifying ECG rhythm in CPR. The studies can be grouped
into two broad categories: those based on the artificial mixture of ECG data and CPR artifacts and those based on CA
data recorded during CPR. This article introduced researches for rhythm recognition in CPR, including sources and

characteristics of CPR artifacts, methods of rhythm analysis, and provided a basis for the study of how to improve the

accuracy of cardio—electric thythm recognition.

[Key words] Cardiopulmonary resuscitation; Electrocardiograph thythm; Rhythm analysis; Defibrillation
Fund program: Special Research Fund of National Health and Family Planning Commission of China (201502019)

TR (CA) BOEAETE REAE A 3t CA i &
BFB——OMIE 75 (CPR) ¥l ALK T (8 1 16 e &5 1]
A7 B R CA 4~ 6 min S5 HNAHAE B AT AN AT S A
%, 3~5 min NI CPR A BT 1k 49.0% ~ 75.0%
CPR Bt BRI E R E g N 2015 4F 2 O
Prss (AHA) CPR F5 R — 25 5m M T 5 i CPR 9 s 24,
R IR AT R I M R P B SR s ] e
e B S 5 Tz Itk CA B R
OO AR (E B0 5IRAY, E B R ORI TR -
BUBZM 25 L il 7, R B BRI CPR AR S T3 Eh 56
Bl SR, FLBR AR B 2230050 L L 5 v R SR R [
I, ey T e SR R 4 B A IR LR — RS BRI
Ja W NT 10 s BOAMEE 3 BOK T 60% 5 CA s ok
I MRS RS, HATTE CPR a2 B b, 4 I 4% JE 2 min
T HR T L BT R 2 O f Y R S T BRI, X T

W ohFe R TP 23 BEAIK A SRS MER BRAY (AED ) g i 3 18U 5
T (SAA) BOUERRYE . O THEFT I 20T, AED #5388 5.2 ~
28.4 s BT P 1 WEFE R, BRI IRBRIR 5 s, A1 R
TR 18% "L HEAT R SRR B A CPR T 32
BRI, I R SRR BUS . 7R 25 20 4E R, A
1 S RERETE O EF PR TP BT A 1 15 A T R
I RZ AR TIRZ S H) ARG EA A N . AHA #57
B L R AR P RE B — Fh A4 TR PR = B ek, L
1 S AR S, T T ATE RS P T CPR 5 00 F 0
S L AR I, M 406 40 2 B S 18] B 2 20 4F
CPR UL HLR AN AIRF T T 48R

1 MsMRESHOERE (ECG) F £ T IR f4HE

1.1 FHIEAYFEIR « CPR a2 A R R e D L A
ATBREAAY , A Bk s PO Bl e (25, i M A 3
WA AR 100 UK /min F2EFHNTTE, AED I R8s



rhA s FE A BE S 2017 4F 10 45 29 4555 10 81 Chin Crit Care Med, October 2017, Vol.29, No.10

.+ 047 -

25 SR AASBRBS WG . AR, o R e T e = Az b
FRAGASKLIN e, PT B8 BCE AT R g ok T B e
PP X SE AED W IR R
1.2 THE R IR KRRAE « BsME FE R ECG T HkiE T
LM — B R A8 ST, A 458 R 1 T R b e ) e
fiuh LA R B LS i 7 AR S T YGRS A R TR
FHe U R AE AR B 22 AR 0, FLARE T4 1 1) St (A%
URIE ) DL R A B RIS BUALC HL D S R BRI RE
TSR B A O WA (A VAR O IE T /), ECG A i+
PRI, CPR 40 I A RRAE TR I ] DL, 26 30 3 o) g S
PEJIE , & B SE AT Rl R W A3 R BT o DR Ryt Rl 52
it 52 S SO it R 9 57 L R B R AR 2R TR AR
A2 SRR A S RIS 228 1 Wi R it S B R ARk
BEAN, ECG JIUR A5 H 35 22 [0 11 5 b RSP PR 30 7T R 2
FHAF SRR, CPR 1 i g B nl SR AT, W K
P[5 A B AR A A BRI AR R] — SR AR e S
N CA TR TS
2 CPR IEHFESTHFE

CPR THe s M w55 e I3 1 20 120 90 4F AR A4 % B
T4k, TIIE S ECC 155 Z A7 1L 35 M A9 0k 3% 5
B 3 i [P S 2R 0 T T U A A D A T RO L
M L2 I MG ECG ik P Bk T CPR thi%. SRl
AN ECG 5 CPR T AF7E KIS T &, (A5 ki s
JEWT ARG T AR R T A 9 CPR TR ARAE , Kt
FHe MAZE ECG h bR 22 38 W g e 2%, 2 5 T4k
AR R OC R IS5, QR BAT | 42 TR B w4 1 g
CIR B . S BREAT 5 4% e P R M, BT PR
filtR T« — AR el A v 7 e O T A A AT
Avala 25 SE B 7058 SRS HEA T AT T R BT S
F R h Wi dse/ Mk SR FAUB A% TR CPR,Z T AT AR
T 5 o5 — b T BT S A PR A i A R 7 A Y
F WA TS, W A STIE S, SR G A
L, TR I B AR B AED i 5 /4 i rh i, 2 5
Mg IR FEid 2+ TR s — R s B A
WF5E & $ h RnPAL T 22 b4 B 0 A ke 0y 8, AR 00 a6 ]
Bedle, AT T R AR . R TTHRIR S ECG

AR CPR T ; — 25T CPR R ic 50y CA £l .
2.1 T TR 2R R E CPR TR
ANZVEAE ECG SRR MM . ST Ik 5% ECG
{F5H1 CA BI0] CPR TP TIR &, @ TR A A A T
3 7 8, AR EAT J5 (5 15 L (SNR) RBP4 ke i)
ECG S5FHAH ECC UH T LA AT E 8 I 2§ 19 %M. CPR
THWeAE CA BAMIE S, 5SS B5E 5 — A T F 2l R g
BT PR, X LT HAE S LR 25 U8 & LATPAG VS TE Y
ECG, i #EuE L J5 SNR ISR LLESTAL I8 J5 1Y ECG 5
JEUUAEY ECG LR AE JE B AE " S ah 3% i e R
YERG M T IR IR 1Y ECG £7PAS AED SAA [ AEUEH: Ak
Sk

CPR R H MLk 4% & 30 T4 77 =X, P 60, 80, 90,
120 IR /min SEA R AR, lid ECG 55 LR MaREAT | i
TALES | JOAI A 2 G S AR R AL G VR RIE AR S
TGS P T LY 1 IS R AR R OK = BRI RS L A
UGN A | IR T [ 15 N VBB B (MC-RAMP) JE 5%
DA% 385/~ 31 (RLS ) B A B kil (2 1) 2,
22 BLF CPR IR CA BRI MBI 5T - IR A1 rp
CPR T YLl 28 i B AP 4% e AR ARAT A, T i B il v LA
i HFE CPR S5 3RAHAY CPR Tk i ik, ki
BT Jihh—FEET CPR IR CA B SRAFAT IO

it 14 R Ik AR R, R VR B0 LT R E B
FZ 3l 1 Ml 1B A X 3 TR R RIS H S B AT A, IR
HEZ RO RT3 5 E N CPR IR 8
HKT (10 ~ 15 s) A AL IS JE40 07 5 ik B Ak R4
Sk XRIFSE 7 2 AT S PR g e e,
R LT B M T 1 1 R g 28 , O3 —Fh R
PEXF AR Y ECC AT/ M ek .
221 FET RN A TR Y S N RS - SR T A
I IO I 0 A ) 7 1 T — AR G I (3 2) 110 1 0
— R IBAUE H ECG 55, il 1R /K = uE Dk 4% . R F 58 i
ECG MFHSCIIE 2Bk BiR 2581 ECC 1Al a4
BT s 53— BR ECG AF, i F LA 225 155 LI il T
JFEHIA ECC (55 M EBRIES (55 7k, Bk
RN AT Bk 2 =R (U N S ROUPIAY 31 & 18

F1 ETFTFHIESOBESEHR

o oRIEA e/ CPR  CPR#iR . o
g e ok I S (K min) e S
Langhelle 2107 2001 25 M2 Wil i CPR THEBE Pl 90 SEHURARE A S S Fa BT RS
Aase 2512 2000 200 NEEH B CPR THEB  Hles 60,90,  4E4nEik ey A A A M AR A
TSR 120 il ER i 4
Husoy 2512 2002 200 % CPR TN F5h 120 MC-RAMP Jgj 28 B ARSI
TIAE LI PR IR
Rheinberger 427 2008 14 A& BiIE ¥ CPR FHM  Fah 80 FOREUEUL A . IS 7% TR K IR 555k
SEHA) CPR T
Werther 4 2009 104 ST BRERT AN % CPR TR Fah 80 RURE MIFIIENLAE  MC-RAMP  INJE
281 MR T R BT JEIEAE  RLS JET %

2 CPR ML SR, MC-RAMP 25 il i) [ ISR VEEGE R, RLS ik H i/ — 3%



- 048 -

TR fE ER A 2017 4F 10 J 45 29 4555 10 ] Chin Crit Care Med, October 2017, Vol.29, No.10

x2 AEFHESH CPR FHIKIRKEEN SRR

W R PERE
Ui ECG 155
Il ECG ORI 919 5531 80.4% 5 EIF 1Y

SNR H 0 ~ (8.0+2.7)dB

Ziiil ECG THURE 99.8% , Fi 5 83.2%
NS (55

HETHESEES U 95.6% 555 90.5%

LMESE(EE  HURE 96.7%, FE5EEE 79.9% B 1E G

SNR 410 ~ (7.4+1.8)dB

7 : CPR Ul 5, ECG Lo [, SNR o {0 L

AU ECG 55 I, RIR 2 IR A8 B AR 2
PEE DL, AT AL TR ECG (551 F4h CPR T4, BT L
Sy T AED 5, G T 8N (B A, (LRI % 7
AT 5 0T R B M 56 15 SR LR A RE DAL 45 52
MC-RAMP J&k Fi 238 S %55 09 [ 8 N i i Sk n 9
JE& AL R AT N R IR R L ECG MR
AT RIS A5 5 (0 Jr i rh il SR R A 2 Y kA
S VAL UE D s 22K, B /N 5 (LMS) FTRLS 3. Trusta
2L {5 4 FRARRAE g BN 22 S A CPR T4, 3 i %
FEURBE(R S50 LMS SRR AR 2R A5 09 o] 37 B[R] — S44fd HLnt:
ZBORARA RS, M Tan 27 3T —F BT 08 I
RN i i WA o S E g5 2 <7 RS I N SN = 8 2 A
M, BA S 55500 A S N A R 72 CPR TRk 1)
Seg g R TR E A sl A B BRI S
o B, T IR I T S B Ak IR TR E B AED
ZERIRECE L AL, Ve AT A I CPR T
e A R kS iS N = Brg A 311 % i Gt AL Y A YU b
T ZimiES% 5T RN B2
222 BEIEEXTHLZ WA ECG U7 Hrdak « 2008 41,
Li 2 T — R T T R B B2 Wi B CPR
BN ECG, 3L T2 R 1) ECG FHESETT, 1
FEAIF 38 3t /N D B RTRE 56 PR B3R A5 . Krasteva 25 4 T
SR ZOTE M R TR ECG 438 H RAAE
FEEH T YR I ECG BYRRAS , i@t A 100 i Bg bty
FER(F (OHCA) A ARAT 09 172 A AT BR &I ELR 721 4Nk
A B3R I T B SR, BRI Ry 90.1%, KRS Ol
86.1%.
223 EOFFSR L RIS I B WA GE T TR
ECG 551 SNR, i 15 HE 4 28T s , SR i T U8 P sk 22
Xt I PRBE AT R A gt

F i, —Se B Hs IR PR T Ik 2 A A — R AT
Fo 2014 4F Ayala 25" A48 T —Fl CPR 4 78 Hh 37 0 5 1
SR, B 2 TR R ST A ) D
A, T3PS S A BT (5 S M PR B DA . X
o R S T 18 SR A B AT L T8 31 R B e S M R
TS, DA B —Fh T S ARp 1) S A1 43 28 2 Al P AR AR R A
AT R/ AR T BRI P e S . TSR A 247 5] OHCA &
BT 1185 AN AT BRER AN 6 482 Nk T 5B A9 B CPR

T 9 s FrBE, M BEFE CPR A A -1 AL 24T f BB
H 1%, F5 T BE R 96.6%. 2016 AT AR T 78 30 : 2
CPR (W38 SRR 6T A S A B i i s B A
SN ASR I 1 A 3 8 17 FH A BEL B 65 ST 45, SAA 3 3 A
BHEMA T AN SAA S EL TR AR BRI A 1 T
1505 35 1 ECGo B4R , B Rall (Si BUR Il 93.5%,
FEREE N 97.3%, K I B {520 SAA HRRUERIE S 93.8% ,
SRR 95.99% 17,

2016 4F Gong 45 4 1 T — FloBN B [ 38 17 08 I 7 1k
(EAF), FE PRI S H G508, 5T 005 Lh iy
] 35 N 3 D AR DR (A . AT AN 233 ] OHCA & A
TAEF CPR T 0 FH 09 BR A 3R A5 T 183 Al BR 1y
78 AN, 5 A TChk = ) 453 A HE AT R 8
(302 A~HL - MUY, 151 AS0BEEHT), e, Al ib
SEGS B ECG 55 BAT B m A OC R B ml Ak
F & N IR IE AR 1 2%, AT B IR AR 5 19 SNR K& B BT
SR EIRBEAE R EAF IS 5055 ; Hak, Pt L il i =
BRI AT DL — i ECG B S H i thig ks, IR Ik
S SNR 5 fe ), 05T P52 L Bk J2 1l 6 O 7 4, A6 T
FIZAL QRS PEAIIRUE IR LA — iP5 sk 22 . ik
A LA S0 CPR T4k, $2& = 1 A A ik . eI
YR, EAT MIRURE N 90.6% , FE 5 93.4%.

3 & it

F G CPR & & 70 B B A 9D M S0 1 AP KT
P& CPR i 1 OCHEEATT , BREIE CPR 23 2 b ol 58 h b7 g
A2 R AR D DR 22—, g R ek A B 3 ) 2 S v
S EHATHE R CPR R A — A Z P SRiN7E 25 20 4F
X CPR U FE U ) X SE BG4 — LS [l A BR 1 - AR ML
JECRE BT B S I AR T AHA S5 95% ., X6
FECPR MR KR AS IR “E I BRE” 20, ZE4E AT BRE
TR IURL B CPR . BRI HETTE 47E CPR
WA T TR IE IS ECG OIS )7 I BUS T —&
AR, AH R I B8 PR AN & A, R X T T
PRE AR UL, S 4, —2E Ty ik AR B8 S v 1R & 8
FR4A T IR E A I, {F A0 5 2 Bk 240 B I i I, RN RE K
TIGRER, AnSB Y SAA FT LA T AG I AT SR By A, R REFERR
BT AR A5 v (& PR B R B0 ) 114 s A g TS T, PR A
BT AR B BB, T LD S CA B IR
&30k

[ 1] Berdowski J, Berg RA, Tijssen JG, et al. Global incidences of

out—of-hospital cardiac arrest and survival rates: Systematic review
of 67 prospective studies [J]. Resuscitation, 2010, 81 (11): 1479-
1487. DOI: 10.1016/j.resuscitation.2010.08.006.

(2] ECHE . v O 95 i fm UL (7], AR fE B 2 f 2
2015, 27 (3): 161-163. DOI: 10.3760/cma.].issn.2095-4352.2015.
03.001.

Wang LX. Development strategy on cardiopulmonary resuscitation
in China [J]. Chin Crit Care Med, 2015, 27 (3): 161-163. DOI:
10.3760/cma.}.issn.2095-4352.2015.03.001.

[3] JA#exs , WSt ik =, 5 . 35 3 R ARSI Co il A2 I3 AR B 72
JE 5B E A BT ()] TP AR | 2014, 17 (2): 206-
210. DOI: 10.3969/}.1ssn.1007-9572.2014.02.024.

Zhou YL, Zhou LJ, Ni ZY, et al. Cardiopulmonary resuscitation:



RS G T 2 RE S 2017 4F 10 45 29 445 10 ] Chin Crit Care Med, October 2017, Vol.29, No.10

- 949 -

(7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

analysis of common people's willingness and obstacles [J]. Chin
Gen Pract, 2014, 17 (2): 206-210. DOI: 10.3969/j.issn.1007-9572.
2014.02.024.

Soar J, Nolan JP, Bottiger BW, et al. European Resuscitation
Council Guidelines for Resuscitation 2015: Section 3. Adult
advanced life support [J]. Resuscitation, 2015, 95: 100-147. DOI:
10.1016/j.resuscitation.2015.07.016.

Kleinman ME, Brennan EE, Goldberger ZD, et al. Part 5: Adult
Basic Life Support and Cardiopulmonary Resuscitation Quality:
2015 American Heart Association Guidelines Update for
Cardiopulmonary Resuscitation and Emergency Cardiovascular
Care [J]. Circulation, 2015, 132 (18 Suppl 2): S414-435. DOI:
10.1161/CIR.0000000000000259.

W BRI, Bl AR, S (2015 oA 9 Kot i A 2
FE P HUHT ) PO PR R L (D). ARG T SRR, 2016,
28 (7): 577-580. DOL: 10.3760/cma.].issn.2095-4352.2016.07.001.
Zeng RF, Zhong Y], Liang GR, et al. Suggestion and commentary
of the hotspots of 2015 Guidelines Update for Cardiopulmonary
Resuscitation and Emergency Cardiovascular Care [J]. Chin Crit
Care Med, 2016, 28 (7): 577-580. DOI: 10.3760/cma.j.issn.2095—
4352.2016.07.001.

Wt XFIE), BN, A5 M ARSE T 120 BERT O A 5
BCINF R B ETE [1]. AN 2AIST |, 2014, 12 (17): 75-76, 77.
DOI: 10.14033/j.cnki.cfmr.2014.17.016.

Cao JG, Liu TG, Huang QL, et al. Related factors research of
120 prehospital cardiopulmonary resuscitation (CPR) success in
Dongguan [J]. Chin Foreign Med Res, 2014, 12 (17): 75-76, 77.
DOI: 10.14033/j.cnki.cfmr.2014.17.016.

WD, T8 OIS IR ST B R (1), P rh g
sh& 2R | 2015, 22 (3): 330-333. DOI: 10.3969/].issn.1008—
9691.2015.03.027.

Xu SY, Yu XZ. The research hotspot and progress of
cardiopulmonary resuscitation [J]. Chin J TCM WM Crit Care, 2015,
22 (3): 330-333. DOL: 10.3969/j.issn.1008-9691.2015.03.027.
Irusta U, Ruiz J, de Gauna SR, et al. A least mean—square filter for
the estimation of the cardiopulmonary resuscitation artifact based
on the frequency of the compressions [J]. IEEE Trans Biomed Eng,
2009, 56 (4): 1052-1062. DOL: 10.1109/TBME.2008.2010329.
Partridge R, Tan Q, Silver A, et al. Rhythm analysis and charging
during chest compressions reduces compression pause time [J].
Resuscitation, 2015, 90: 133-137. DOI: 10.1016/j.resuscitation.
2015.02.025.

Cheskes S, Schmicker RH, Christenson J, et al. Perishock pause:
an independent predictor of survival from out—of—hospital shockable
cardiac arrest [J]. Circulation, 2011, 124 (1): 58-66. DOI: 10.1161/
CIRCULATIONAHA.110.010736.

Brouwer TF, Walker RG, Chapman FW, et al. Association
Between Chest Compression Interruptions and Clinical Outcomes
of Ventricular Fibrillation Out—of-Hospital Cardiac Arrest [J].
Circulation, 2015, 132 (11): 1030-1037. DOI: 10.1161/CIRCULAT
IONAHA.115.014016.

Ayala U, Trusta U, Ruiz J, et al. A reliable method for rhythm
analysis during cardiopulmonary resuscitation [J]. Biomed Res Int,
2014, 2014: 872470. DOI: 10.1155/2014/872470.

Gong Y, Chen B, Li Y. A review of the performance of artifact
filtering algorithms for cardiopulmonary resuscitation [J]. J Healthe
Eng, 2013, 4 (2): 185-202. DOI: 10.1260/2040-2295.4.2.185.
Granegger M, Werther T, Gilly H. Use of independent component
analysis for reducing CPR artefacts in human emergency
ECGs [J]. Resuscitation, 2011, 82 (1): 79-84. DOI: 10.1016/
j-resuscitation.2010.08.034.

Ruiz J, Irusta U, Ruiz de Gauna S, et al. Cardiopulmonary
resuscitation artefact suppression using a Kalman filter and
the frequency of chest compressions as the reference signal
[J]. Resuscitation, 2010, 81 (9): 1087-1094. DOI: 10.1016/
j-resuscitation.2010.02.031.

Ayala U, Irusta U, Ruiz J, et al. Fully automatic rhythm analysis
during chest compression pauses [J]. Resuscitation, 2015, 89: 25—
30. DOI: 10.1016/j.resuscitation.2014.11.022.

Fernando SM, Cheskes S, Howes D. Hands—on defibrillation and
electrocardiogram artefact filtering technology increases chest
compression fraction and decreases peri—shock pause duration in
a simulation model of cardiac arrest [J]. CJEM, 2016, 18 (4): 270-
275. DOI: 10.1017/cem.2015.103.

Aramendi E, Ayala U, Irusta U, et al. Suppression of the

[23]

[24]

[26]

[27]

[28]

[29]

[34]

[35]

cardiopulmonary resuscitation artefacts using the instantaneous
chest compression rate extracted from the thoracic impedance [J].
Resuscitation, 2012, 83 (6): 692-698. DOI: 10.1016/j.resuscitation.
2011.11.029.
Langhelle A, Eftestol T, Myklebust H, et al. Reducing CPR
artefacts in ventricular fibrillation in vitro [J]. Resuscitation, 2001,
48 (3): 279-291. DOI: 10.1016/S0300-9572(00)00259-8.
Aase SO, Eftestol T, Husoy JH, et al. CPR artifact removal from
human ECG using optimal multichannel filtering [J]. IEEE Trans
Biomed Eng, 2000, 47 (11): 1440-1449. DOI: 10.1109/10.880095.
Husoy JH, Eilevstjonn J, Eftestol T, et al. Removal of
cardiopulmonary resuscitation artifacts from human ECG using an
efficient matching pursuit-like algorithm [J]. IEEE Trans Biomed
Eng, 2002, 49 (11): 1287-1298. DOL: 10.1109/TBME.2002.804591.
Rheinberger K, Steinberger T, Unterkofler K, et al. Removal of CPR
artifacts from the ventricular fibrillation ECG by adaptive regression
on lagged reference signals [J]. IEEE Trans Biomed Eng, 2008,
55 (1): 130-137. DOL: 10.1109/TBME.2007.902235.
Werther T, Klotz A, Granegger M, et al. Strong corruption of
electrocardiograms caused by cardiopulmonary resuscitation
reduces efficiency of two—channel methods for removing motion
artefacts in non—shockable rhythms [J]. Resuscitation, 2009, 80 (11):
1301-1307. DOI: 10.1016/j.resuscitation.2009.07.020.
Li Y, Bisera J, Geheb F, et al. Identifying potentially shockable
rhythms without interrupting cardiopulmonary resuscitation [J].
Crit Care Med, 2008, 36 (1): 198-203. DOI: 10.1097/01.CCM.
0000295589.64729.6B.
Ruiz de Gauna S, Irusta U, Ruiz J, et al. Rhythm analysis during
cardiopulmonary resuscitation: past, present, and future [J]. Biomed
Res Int, 2014, 2014: 386010. DOI: 10.1155/2014/386010.
Tan Q, Freeman GA, Geheb F, et al. Electrocardiographic
analysis during uninterrupted cardiopulmonary resuscitation [J].
Crit Care Med, 2008, 36 (11 Suppl): S409-412. DOL: 10.1097/
CCM.0b013e31818a7{bf.
Auger F, Gueerero JM, Hilairet M, et al. Introduction to the special
section on industrial applications and implementation issues of
the Kalman filter [J]. IEEE Trans Industr Electron, 2012, 59 (11):
4165-4168. DOI: 10.1109/TIE.2012.2194411.
Rheinberger K, Baubin M, Unterkofler K, et al. Removal of
resuscitation artefacts from ventricular fibrillation ECG signals
using Kalman methods [J]. Comput Cardiol, 2005, 32: 555-558.
DOI: 10.1109/CIC.2005.1588161.
Amann A, Klotz A, Niederklapfer T, et al. Reduction of CPR artifacts
in the ventricular fibrillation ECG by coherent line removal [J].
Biomed Eng Online, 2010, 9: 2. DOI: 10.1186/1475-925X-9-2.
Silva I, Lee J, Mark RG. Signal quality estimation with multichannel
adaptive filtering in intensive care settings [J]. IEEE Trans Biomed
Eng, 2012, 59 (9): 2476-2485. DOI: 10.1109/TBME.2012.2204882.
Sanei S, Lee TK, Abolghasemi V. A new adaptive line enhancer
based on singular spectrum analysis [J]. IEEE Trans Biomed Eng,
2012, 59 (2): 428-434. DOL: 10.1109/TBME.2011.2173936.
Krasteva V, Jekova I, Dotsinsky I, et al. Shock advisory system
for heart rhythm analysis during cardiopulmonary resuscitation
using a single ECG input of automated external defibrillators [J].
Ann Biomed Eng, 2010, 38 (4): 1326-1336. DOI: 10.1007/s10439-
009-9885-9.
Babaeizadeh S, Firoozabadi R, Han C, et al. Analyzing cardiac
rhythm in the presence of chest compression artifact for automated
shock advisory [J]. J Electrocardiol, 2014, 47 (6): 798-803. DOI:
10.1016/j.jelectrocard.2014.07.021.
Kwok H, Coult J, Drton M, et al. Adaptive rhythm sequencing:
A method for dynamic rhythm classification during CPR [J].
Resuscitation, 2015, 91: 26-31. DOI: 10.1016/j.resuscitation.2015.
02.031.
Gong Y, Gao P, Wei L, et al. An enhanced adaptive filtering method
for suppressing cardiopulmonary resuscitation artifact [J]. IEEE
Trans Biomed Eng, 2016, DOI: 10.1109/TBME.2016.2564642.
REW] W RLOMIZTR  RR S P )] PR SRR
2%, 2013, 25 (11): 642-645. DOIL: 10.3760/cma.j.issn.2095-4352.
2013.11.002.
Wu LM. High—quality cardioplumonary resuscitation: exploration
and challenges [J]. Chin Crit Care Med, 2013, 25 (11): 642-645.
DOLI: 10.3760/cma.j.issn.2095-4352.2013.11.002.

(Hickis 49T - 2017-06-19)



