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The Value of End Tidal Carbon Dioxide in Predicting the Cardiac Arrest
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ABSTRACT Objective: To explore the difference between ventricular and asphyxial cardiac arrest animal model in the pressure of
end tidal carbon dioxide (PiCO,) and evaluate its potential role in predicting the resuscitation outcome. Methods: Cardiac
arrest-resuscitation SD rat model was established by ventricular and asphyxial method respectively. Continuous measurements of P;;CO,
was performed at different resuscitation time points, including precordial compression 0 min (PCO min), PC1 min, PC2 min, PC3 min, PC
4 min, PC5 min and PC6 min in the two groups. The difference of P;;CO, was analyzed between the two groups as well as the ROSC rats
and NOROSC rats within the individual group. In addition, a P CO, receiver operating characteristic curve (ROC curve) was also
described in the two groups. Results: 9 out of 12 were successfully resuscitated in asphyxial group vs 8/12 in ventricular group, (P=
0.093). The average resuscitated time differs from 232+ 20S in asphyxial group to 360+ 30 s in ventricular group (P<0.001). P CO,
declined dramatically in ventricular group compared with baseline (p<0.001 )while in asphyxial group the P CO, first rises then falls.
From PCO 45+ 4 vs 36+ 4 mmHg to PC3, P;CO, levels in asphyxial was much higher than that of ventricular group (p<0.001).
Comparison within the group found that levels of PCO, in ROSC rats were higher than those of NOROSC in ventricular group at
PC5&PC6 with a AUC (Area Under Curve) 0.713 [95%CI(0.512, 0.764)] and 0.875[95%CI(0.662, 0.984 )] respectively. When 20 mmHg
was selected as a threshhold according to Youden index, the sensitivity and specificity was 66.6% and 63% in PC5. In PC6 the
threshhold was 18 mmHg with a sensitivity and specificity 87.4% and 71%. PCO, seems lower in NOROSC rats compared with ROSC
ones in asphyxial group, but no difference was observed. Conclusion: P;;CO, may help to distinguish the cause of cardiac arrest in early

resuscitation from ventricular or asphyxial. The level of P CO, may help to evaluate the resuscitation outcome in ventricular induced

*EEAIE K [ RRAIE A I H (81671881)
FEB A P (1991-) - WF5E A, 98 07 ] O E R, HL i < 18017752385, E-mail: yirangj@126.com
o EIWER RS, BAREEIT, FZEWFF 7 1A Ol 75, E-mail: zhucql1965@126.com
(Wi H - 2018-10-23 4552 H 191:2018-11-18)



PREYESSHE  biomed.cnjournals.com  Progress in Modern Biomedicine Vol19 NO.10 MAY.2019

- 1819 -

cardiac arrest.

Key words: Ventricular/asphyxial cardiac arrest; SD rat model; Cardiopulmonary resuscitation outcome; Partial pressure of end tidal

carbon dioxide (PgCO,)

Chinese Library Classification (CLC): R-33; R541.78 Document code: A

Article ID: 1673-6273(2019)10-1818-05

BE

PSR 4kl 73 J& (Partial Pressure of End Tidal Carbon
Dioxide, P CO,) 25 IS LA IANT 1 TR A I Sk h — 4
At sr R o HAE A /NS T il I 8 R 50 Ao o 1 0
[ S W ko P R R/ N, Bl S B FTIIG PR AF 58 & IRAE
O R A5 L0 il 52 95391 1], P CO,> 10-15 mmHg 5 H £ 1H 35
% 55 % (Return Of Spontaneous Circulation, ROSC ) Fil.0» Bk B 52
Je WAEAERRAG SRR, BRI A HH SCHIFSR I8 K IR, A [R] TR PR BT
CBRIRAE: 7B IR FE TP PeCO, IKSEWA FEASIE] . 55 4h sl s
3538 2 I, PexCO, 7K AT DL FH e 41 W 2 8 A 35000 B R 452 1)
ORGSR, A S E i T R RO IR SR - (Ol A AR,
5T PeCO, £E AN [R] I R T 25010 Bk R 452 52 05 R 1) 22 5, T
Al PeCO, FKF-HIR SRR Z M KR

L BRI i3

1.1 KIezhY)

BUAE g RREAEME SD KB 24 W, fRITEA T 450-500 ¢ 22
(B, P LR ZEIMRAN AL B B T fE B AE L0 S ER AL, ff
LA =B (n=12) s B 4H (n=12) , BZH K BRUIa) A 25 2 ik
bRz Mg i 22 5 (P>0.05) , 03R 1 iR,
12 EWHE
12,1 SEWsh¥dEE REESCIORT 12 /NB AR RERK B
&5 ,100% CO, 5 T R J5 57 B 7 3% 09 13 12 L 2 4% 45
mg/Kg &SRR, Arhdkse T 10 mg/ke/h B W pREE4E:Y
KEURRES , BE TN s e & HATEWE  E e sy,
S A WS RN 2 SR R BRME UK — 4k Bk (End-Tidal Carbon
Dioxide, ETCO,) . £ zh Ik B A PES0 4 (Becton-Dickinson,
Franklin Lake, 3¢ [H ), REEZY 6 cm, SEAF IR UL . ATIREE
WA R, AR 44 7E 37 'Cx 0.5 °C, 6.0 B s R I T
KT, SRS ANE SR LG, B MBS, BEA
PE50 4, FH LA & J5 a7 i K B O ik AR A A 00 . 258
AR B A MBS DK, BA L TE IREL 4 em, L
B, SEE R KRG ETCO, . MEZ TR PR WINDAQ R4t
B R AR R G ST 34 . DATAQ 4w, 36 B L iFid 5% .
122 REOBRBEREMEST SO0MER (DHAKRRL
BRRIERIRI ST -0 FE B FF K BCE 34 30 ik e (MAP ) 2
120 mmHg , /03RS 2 BRI KOT- IHFE B AR . P BRI 50 T KRR
5 min FEIEALIE A, W5 0.6 mL/100 g (K, VK FiO,
21%, FFIRHLAGEE 100 K / 4307 38 S EE UG T4 S8 Mk 4t
GIEPIHALIE T, EHH A 2.0 mA iFE, LA RO
H I RIS O, A R IR/ N R 220 B, AR D EE
B . F5ERYY 2.5-3 min J5 , OCHT IR, REIL A R ZEE, A7
O L B IS L0 FL TR TR, PSR S 6 min'™, 0 2 E AT

JeRRE T B KRREL - ORISR, 5 Ehdg —
., = B4 MR BB TR ALH B S 5 min, FFRALS R
FEA . BRI, IS FE, WP R REOR, I EE
B 2-3 RS, R T R . 4 MAPS 20 mmHg B, 124
CoBkBRAS, IF PR E BT 6 min™,

(2) 0l B2 3 A < 20 R BRLZE O R 455 5 min 30s B, 3%
FIEIHLIE, 35U 200 YK / 43, FiO, 100%. CAG6 min i, v/
B3> W e e, #e AR 200 IR /43 FRIRIE 1 em, #8807
G128 I 2.8 em, {RGEH R R PRI E EAERFAE 22 £ 2 mmHg
Liti . BonJa sk Rk EI1E 60 mmHg LI RF4E 5 min 4]
N B EPEMK K ( restoration of spontaneous circulation, ROSC),
FEWA R TFHE 7 min J5 3 T BERE, OEAEHES LR
#(0.02 mg/0.2 mL)"*, FZH K BRIFFEA%E R 20 min, {AANGEYK
BB EOESR AE IR,

1.3 SitAE

SR F SPSS 22.0 474834, IHERORER A S Rk
2 (xs ) F7R , A BL U BRI ST AR AR 1Y ¢ K50, 52 TR A
PR LSRR RS, DL P<0.05 REINA G #25
HRAE 53 W20 A PerCO, T 5% LB A 2R ISR B i 1 B 22 1 52
W TAEMMZ.

2 &R

2.1 MAKXKREMELE

[N S i NN G g 1 D € N T < 1K W 3 )
JRAEEPRE TG 2425 7 (p>0.05) , I3k 1 FiR.
2.2 MABKRESHAEAER P,CO, Lk R TN ESE

EHEAKE ROSCI H (9/12,75%) , ZE®Higl ROSC 8 H
(8/12,67%) , 4B LGt 11225 5 (P=0.093 ), = B 4135 Ji it
6] 232+ 20S, 258 -3 5 JRitE] 360+ 30S(P<0.01), FIHSE
I e T ALK BLUR 95T 4 min ) PrCO, 7K, 43#T P CO,
BN T3 45 )R I E . EWAEE TR P, CO, L
FHAE, (ARG R IRHHAZE K, ROSC H) K R PeCO, Z A #4
ThE . 2RAEIFHRIET 3 min NI PLCO, /KT W EF
L BB R TERME(P>0.05) , ] i T2 B (p<0.001) . B
IR RIZI(PCO), 2= B KR PrCO, 45+ 4 mmHg VS % Bid]
36+ 4 mmHg(p<0.001), [FIAERYE (5 AT LT PC1,PC2,PC3,
= A KR ROSC J& PuCO, iz TRE R TIAE. K
B PC ] 5 PeCO, i IL3E 2 F1E 1,
2.3 FAKXRETFBRINFIRBAIE R LB

S3HT LA A R RO R B &2 95 R0 5 R B ) R BRUAE
AN[E T [E] & PeCO, ¥, Hip % 8 41 (ROSC=9,NOROSC=3),
Wizl (ROSC=8,NOROSC=4), % H 4 NOROSC Kk fB&1E
PCO I} 8] 51 £ (B WS 5 F ROSC 4141, Hofth PC 1 [a] £ 394 1%
T ROSC fy#adi, fH[H] 034 i 3 = T NOROSC K[ (P<0.05)



- 1820 - IREYESHE  biomed.cnjournals.com Progress in Modern Biomedicine Vol19 NO.10 MAY.2019
* | MAKXBEMRSIERA LR
Table 1 Baseline Data in Two groups
VF group ACA group P value
pH 7.42+ 0.04 7.41% 0.04 0.527
Weight(g) 496.67+ 21.88 496.17+ 19.53 0.953
Heart Rate(bpm) 359.42+ 11.87 359.42+ 9.57 0.999
Lactate (mmol/L) 0.65+ 0.32 0.7+ 0.4 0.741
MAP(mmHg) 119.67+ 4.29 122.42+ 491 0.158
P CO(mmHg) 41.83%+ 2.52 41.5% 3.66 0.797
¥ : MAP(Mean Arterial Pressure , X EhRKE )
2 KBRAREEHEE R PCO, EIFR
Table 2 Comparison of PCO, in two groups
VF group ACA group p value
BL 4417+ 2.35 44.54+ 2.21 0.977
PCO 36.44+ 4.64 4511+ 4.34 <<0.001
PC1 36.34+ 3.80 4543+ 4.21 <<0.001
PC2 35.92+ 3.66 42.16x 3.09 <<0.001
PC3 32.11% 1.04 38.78% 1.66 <<0.001
PC4 33.25% 3.71 35.24% 2.66 0.096
KR LI 2 % 3 RI% 4 BT o 1 VF grou
2.4 P5CO,ROC Hi% = S D ACA group
IR PIALK L ROSC/NOROSC PCO, RRE A L5 E 4 :
3, AL IRALLE PCS,PComin ) PCO, T E THEE = T
fiF i1 £k (Receiver Operating Characteristic Curve, ROC curve), 1} % 20
SR AR e 95% AR DX ], Jf eIt 4 die Ac b A 285 mi i &
Wk, PPN LRGSR B . B ERZH AL PCS I, P CO, 12T 0 |
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TR 0.731, 1 95% E R X [H] 9 (0.512, 0.764) , 4 A e

20 mmHg i, R 66.6%, FE T 63%, £ PC6 i, PCO, i
MR 0.875, 1 95% LA X [H] 1 (0.662, 0.984) , 4T k1

TeFf 18 mmHg i, RIBUE 87.4%, K5t 71%. Al 3 18] 4 I
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Fig.1 Comparison of P CO, in two groups
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Fig. 2 Comparisons of PgCO, in ROSC and NOROSC rats in two groups
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& 3 Z B 4H ROSC/NOROSC KR PCO, {&E k3R
Table 3 Comparisons of PCO, in VF group

ROSC NOROSC Pvalue
BL 44.06x 2.23 44.09+ 491 0.332
PCO 4537+ 4.66 4832+ 4.11 0.312
PC1 45.52+ 4.54 42.16% 4.67 0.066
PC2 42.17+ 3.90 40.33% 3.28 0.02
PC3 38.11% 1.24 36.68+ 4.27 0.419
PC4 35.78+ 2.55 34.13% 4.09 0.941
3+ 4 Z=5izH ROSC 1 NOROSC Xk R PCO, {ELLE:
Table 4 Comparisons of P.;CO, in ACA group
ROSC NOROSC Pvalue
BL 44,12+ 2.23 44,56 4.64 1
PCO 36.01 4.99 37.23% 4.45 0.883
PCl 36.12¢ 3.19 35.13+ 3.24 0.596
PC2 35.09+ 3.88 33.87+ 3.14 0.203
PC3 32.16x 1.66 30.45+ 2/98 0.246
PC4 33.57+ 3.76 28.24+ 145 0.342
PC5 34.11% 3.09 24.43+ 3.24 <0.001
PC6 33.19% 4.15 23.22+ 2.54 <<0.001
10 10— ey
A B
08 08+
06 064
z z
£ =
g g
» 044 o 04+
...... PerCO2 ceee.. PETCO2
B B
0.2 ' 0.
004~ T T T T 00 T T T T 1
00 02 04 06 08 10 00 02 04 06 08 10
1 -Specificity 1 - Specificity

& 3 EHiZA PC6 B PCO,ROC Hi%: (A)
Fig.3 ROC curve of P;CO, at PC6 in VF group
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AIIBIT RIS . TEIeRuS B, E bk . bk
(CPP) , HC i ik il 8 4 A BE (SCVO2) H /R A WL 35 4 , (HIX
WA FR A X2 R o PESOR 4R 73 TR (P CO,) M
PRI . PREESEIE S 7E CPR R F 0 % HAh T B 0 H
FWEP P VR H 25 R E A AHSEsh SRR, &2 A5 0T

B 4 =HiA PCS 1 P, COROC #hZ(B)
Fig.4 ROC curve of P;CO, at PC5 in VF group
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AR PrCO, 11— I W7 52 T3 45 Ja O WS 4 L AH
KHFERAFFE— LA BJE PrCO, AT LM —F 2% 45
PRAEVEN IR, 5 MAP SE5EhR—ELR G HIWE 3 1 I3
45,

F OGO SR 14 A S SR 22 AL b H A2 2
LB — 225 i BRI , T REAL 5 Gl il PEREVE L) RAE VA
FRER 0 85 1 B A8 B ZR L LA T PR PR LA AR
1] X 46 (K] 28 0] REXT 0o DY BB \CPP 45 7 AR R [Rl 52ma) ,  2F i 52 1)
Py CO,. ABFSEWAFAEA —E MIRIIRTE. FRATHT EERERHR S e
ISR B , il PR OB R A5 22 UL O A A M 4
I, TIAMRAT RIS T G, R RA BN BRI HI B4R
gi b, RATBITE R, PuCO, /K PAER R RN BE A B T4
SO BRI, S350, 78 2 B B O E RS , PeCO, ZKF-1]
REA B T HIWT 545 )

£ % 3L Hi(References)

[1] E F Paiva, J H Paxton, B J O'neil. The use of end-tidal carbon dioxide
(ETCO,) measurement to guide management of cardiac arrest: A
systematic review([J]. Resuscitation, 2018, 123: 1-7

[2] F Sun, C Li, Y Fu, et al. Predictive value of continuous monitoring
end-tidal carbon dioxide partial pressure on in-hospital resuscitation

outcome: secondary analysis of the data from a multicenter

observational study [J]. Chinese Critical Care Medicine, 2018, 30(1):
29-33

[3] P Salen, R O'connor, P Sierzenski, et al. Can cardiac sonography and
capnography be used independently and in combination to predict
resuscitation outcomes?[J]. Acad Emerg Med, 2001, 8(6): 610-615

[4] J T Hamrick, J L Hamrick, U Bhalala, et al. End-Tidal CO,-Guided
Chest Compression Delivery Improves Survival in a Neonatal
Asphyxial Cardiac Arrest Model [J]. Pediatr Crit Care Med, 2017, 18
(11): e575-e584

[5] R A Berg, C Henry, C W Otto, et al. Initial end-tidal CO2 is markedly
elevated during cardiopulmonary resuscitation after asphyxial cardiac
arrest[J]. Pediatr Emerg Care, 1996, 12(4): 245-248

[6] Jie Qian, Zhengfei Yang, Jena Cahoon. Post-resuscitation intestinal
microcirculation: Its relationship with sublingual microcirculation
and the severity of post-resuscitation syndrome [J]. Resuscitation,
2014, 85(833-839)

[7] B K Fabian-Jessing, M F Vallentin, N. Secher, et al. Animal models of
cardiac arrest: A systematic review of bias and reporting [J].
Resuscitation, 2018, 125(16-21)

[8] SR, MIE®, 4k, . ABZLCHES - M E BB KRS
Fee ey R AE A ] 16 R &5 4 &, 2017, 18(12): 933-937

[9] Kyuseok Kim, Jae Hyuk Lee, You Hwan Jo. Effect of valproic acid on
survival and neurologic outcomes in an asphyxial cardiac arrest model
of rats[J]. Resuscitation, 2013, 83: 1443-1449

[10] Lee JH, Kim K, Jo YH. Effect of valproic acid combined with
therapeutic hypothermia on neurologic outcome in asphyxial cardiac
arrest model of rats [J]. American Journal of Emergency Medicine,
2015, 33: 1773-1779

[11] Page Rl Rea Td. Community approaches to improve resuscitation
after out-of-hospital sudden cardiac arrest [J]. Circulation, 2010, 121
(9): 1134-1140

[12] Adabag AS, Luepker RV, Roger VL, et al. Sudden cardiac death:
epidemiology and risk factors[J]. Nature reviews Cardiology, 2010, 7
(4): 216-225

[13] Porzer, Martin, Mrazkova, et al. Out-of-hospital cardiac arrest [J].
Biomedical Papers, 2017, 161(4): 348-353

[14] S Girotra, BK Nallamothu, J A Spertus, et al. Trends in survival after
in-hospital cardiac arrest[J]. N Engl J Med, 2012, 367(20): 1912-1920

[15] Z D Goldberger, P. S. Chan, R. A. Berg, et al. Duration of
resuscitation efforts and survival after in-hospital cardiac arrest: an
observational study[J]. Lancet, 2012, 380(9852): 1473-1481

[16] G Nichol, E Thomas, C W Callaway, et al. Regional variation in
out-of-hospital cardiac arrest incidence and outcome [J]. Jama, 2008,
300(12): 1423-1431

[17] Y Hu, J Xu, H Zhu, et al. Profile and outcome of cardiopulmonary
resuscitation after sudden cardiac arrests in the emergency

department:

Zhonghua Wei Zhong Bing Ji Jiu Yi Xue, 2018, 30(3): 234-239

a multicenter prospective observational study [J].

[18] S D Casey, B E Mumma. Sex, Race, and Insurance Status Differences
in Hospital Treatment and Outcomes Following Out-of-Hospital
Cardiac Arrest[J]. Resuscitation, 2018

(T % 1834 T1)



- 1834 .

MREYESSHE  biomed.cnjournalscom Progress in Modern Biomedicine Vol19 NO.10 MAY.2019

connexin-43 and PKC signalling are involved in adaptation of the
heart to irradiation-induced injury: Implication of miR-1 and miR-21
[J]. Gen Physiol Biophys, 2016, 35(2): 215-222

[17] Tong Z, Jiang B, Wu Y, et al. MiR-21 Protected Cardiomy ocytes
against Doxorubicin-Induced Apoptosis by Targeting BTG2 [J]. Int J
Mol Sci, 2015, 16(7): 14511-14525

[18] Dai B, Li H, Fan J, et al. MiR-21 protected against diabetic
cardiomyopathy induced diastolic dysfunction by targeting gelsolin
[J]. Cardiovasc Diabetol, 2018, 17(1): 123

[19] Jia Z, Lian W, Shi H, et al. Ischemic Postconditioning Protects
Against Intestinal Ischemia/Reperfusion Injury via the HIF-lalpha/
miR-21 Axis[J]. Sci Rep, 2017, 7(1): 16190

[20] Wang X, Hang Y, Liu J, et al. Anticancer effect of curcumin inhibits
cell growth through miR-21/PTEN/Akt pathway in breast cancer cell
[J]. Oncol Lett, 2017, 13(6): 4825-4831

[21] Zhai M, Liu Z, Zhang B, et al. Melatonin protects against the
pathological cardiac hypertrophy induced by transverse aortic
constriction through activating PGC-lbeta: In wivo and in witro
studies[J]. J Pineal Res, 2017, 63(3): e12433

[22] Zhai M, Li B, Duan W, et al. Melatonin ameliorates myocardial
ischemia reperfusion injury through SIRT3-dependent regulation of
oxidative stress and apoptosis[J]. J Pineal Res, 2017, 63(2): 12419

[23] Yin Z, Zhao Y, Li H, et al. miR-320a mediates doxorubicin-induced
cardiotoxicity by targeting VEGF signal pathway [J]. Aging (Albany

NY), 2016, 8(1): 192-207

[24] Lai L, Chen J, Wang N, et al. MiRNA-30e mediated cardioprotection
of ACE2 in rats with Doxorubicin-induced heart failure through
inhibiting cardiomyocytes autophagy[J]. Life Sci, 2017, 169: 69-75

[25] Goormaghtigh E, Chatelain P, Caspers J, et al. Evidence of a complex
between adriamycin derivatives and cardiolipin: possible role in
cardiotoxicity[J]. Biochem Pharmacol, 1980, 29(21): 3003-3010

[26] Berthiaume J M, Wallace K B. Adriamycin-induced oxidative
mitochondrial cardiotoxicity[J]. Cell Biol Toxicol, 2007, 23(1): 15-25

[27] Zhao L, Tao X, Qi Y, et al. Protective effect of dioscin against
doxorubicin-induced cardiotoxicity via adjusting microRNA-140-5p-
mediated myocardial oxidative stress[J]. Redox Biol,2018, 16: 189-198

[28] Olson J M, Yan Y, Bai X, et al. Up-regulation of microRNA-21
mediates isoflurane-induced protection of cardiomyocytes [J].
Anesthesiology, 2015, 122(4): 795-805

[29] Abdel-Daim M M, Kilany O E, Khalifa H A, et al. Allicin ameliorates
doxorubicin-induced cardiotoxicity in rats via suppression of
oxidative stress, inflammation and apoptosis [J]. Cancer Chemother
Pharmacol, 2017, 80(4): 745-753

[30] LiuD, Ma Z, Di S, et al. AMPK/PGClalpha activation by melatonin
attenuates acute doxorubicin cardiotoxicity via alleviating

mitochondrial oxidative damage and apoptosis [J]. Free Radic Biol

Med, 2018, 129: 59-72

(E#E% 1822 T)

[19] D Varvarousis, G Varvarousi, N lacovidou, et al. The pathophysiologies
of asphyxial vs dysrhythmic cardiac arrest: implications for
resuscitation and post-event management[J]. Am J Emerg Med, 2015,
33(9): 1297-1304

[20] K M Poon, C T Lui,K L Tsui. Prognostication of out-of-hospital
cardiac arrest patients by 3-min end-tidal capnometry level in
emergency department[J]. Resuscitation, 2016, 102: 80-84

[21] H Aminiahidashti, S Shafiee, A Zamani Kiasari, et al. Applications of
End-Tidal Carbon Dioxide

Department; a Narrative Review[J]. Emerg (Tehran), 2018, 6(1): e5

(ETCO2) Monitoring in Emergency

[22] A Gouel-Cheron, L De Chaisemartin, F Jonsson, et al. Low end-tidal
CO, as a real-time severity marker of intra-anaesthetic acute
hypersensitivity reactions[J]. Br J Anaesth, 2017, 119(5): 908-917

[23] T Yousuf, T Brinton, G Murtaza, et al. Establishing a gradient
between partial pressure of arterial carbon dioxide and end-tidal
carbon dioxide in patients with acute respiratory distress syndromel[J].
J Investig Med, 2017, 65(2): 338-341

[24] M S Link, L C Berkow, P. J. Kudenchuk, et al. Part 7: Adult
Advanced Cardiovascular Life Support: 2015 American Heart
Association Guidelines Update for Cardiopulmonary Resuscitation

and Emergency Cardiovascular Care [J]. Circulation, 2015, 132 (18

Suppl 2): S444-464

[25] K Lah, M Krizmaric,S Grmec. The dynamic pattern of end-tidal
carbon dioxide during cardiopulmonary resuscitation: difference
between asphyxial cardiac arrest and ventricular fibrillation/pulseless
ventricular tachycardia cardiac arrest[J]. Crit Care, 2011, 15(1): R13

[26] C Sandroni,G Ristagno. End-tidal CO, to detect recovery of
spontaneous circulation during cardiopulmonary resuscitation: We are
not ready yet[J]. Resuscitation, 2016, 104(A5-6)

[27] 3K, MEBRME, A, . ATP S0 0 4718 38 48 X AT R A& [0]. 16 R
&4 4 &, 2018, 19(1): 66-69

[28] J Mu, G Zhang, D Xue, et al. Sudden cardiac death owing to
arrhythmogenic right ventricular cardiomyopathy: Two case reports
and systematic literature review [J]. Medicine (Baltimore), 2017, 96
(47): e8808

[29] F Cittadini, N De Giovanni, M Alcalde, et al. Genetic and toxicologic
investigation of Sudden Cardiac Death in a patient with
Arrhythmogenic Right Ventricular Cardiomyopathy (ARVC) under
cocaine and alcohol effects[J]. Int J Legal Med, 2015, 129(1): 89-96

[30] N Haj Salem, M A Mesrati, R Hadhri, et al. Arrhythomgenic right
ventricular dysplasia and sudden death: An autopsy and histological

study[J]. Ann Cardiol Angeiol (Paris), 2015, 64(4): 249-254



