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Accuracy of Automated External
Defibrillators During Ambulance
Transport: Simulation Study

Junho Cho, M.D., Sung Pil Chung, M.D., Hyun Soo
Chung, M.D., Seung Ho Kim, M.D., Hahn Shick Lee,
M.D.

Purpose: Current resuscitation guideline recommends not
using the automated external defibrillator (AED) in a run-
ning ambulance, because artifact arising from movement of
the ambulance can interfere with rhythm analysis of AED
and can simulate ventricular fibrillation (VF). This study was
conducted to determine whether the AED can be operated
correctly in a running ambulance.

Methods: Five AEDs were tested for their sensitivity, Speci-
ficity, positive/negative predictive value, and accuracy. Each
AED was connected to a manikin randomly simulating
coarse and fine VF, asystole, and normal sinus rhythm, and
each rhythm was analyzed 5 times by AEDs on the high-
way. Data about the shock recommendation given and
delivery time interval from analysis to shock were collected.
ECGs were also downloaded during the analysis time for a
normal volunteer to search for baseline artifacts.

Results: All AEDs recommended shock delivery correctly
for the simulated rhythms whether the ambulance was
stopped (0 km/h) or running on unpaved road (20 km/h).
The sensitivity, specificity, positive/negative predictive
value, and accuracy of AEDs on the highway (100 km/h)
were similar to those obtained in previous studies on AED
performance in pre-hospital settings. The recorded ECG
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rhythm of a volunteer in a running car showed no baseline
artifacts.

Conclusion: All AEDs recommended shock delivery cor-
rectly in a running ambulance. Therefore, the current rec-
ommendation of not using the AED on a running ambu-
lance should be reconsidered.

Key Words: Automated external defibrillator, Defibrillation,
Transportation, Ambulances
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o) AFANE AE 2 B, ANF A FFL
VA4 gtk g,

et AFAEE ol5Fe FEA olA AFAME
7% SR W AR AT AFANE O B

of vt IS Fohnua  ATE ALY AT
e TR 0% BF BAHE AES AEAAEF)
o AR BEe] FFE v] A4 gtk ek Rolnt,

4

1. UHSHM S| SFgt A2

Ul AsAAE7] A A 7Fd 63el AT &
a3 AFAAE] 2 ARE] Avs 85 {P
S A3t AA7F oo 2352w Lifepak CRplus
(Medtronic, Mineapolis, MN), Heartstart FRX
(Philips, Andover, MA), iPAD (CU medical, Wonju,
Korea), G3pro (Cardiac science, Bothell, WA),
Cardiolife (Nihon Kohden, Tokyo, Japan) & 57§ A&

]/H]Eﬂ% ]1‘”0} Aol o] &3k8itt. Lifepak CRplus

= ¢ AFolda, nAE B vkabs AEAAE 7
‘Biﬁ‘r. Tw ks %?ﬂoﬂ/ﬂ Bfstal ole IRk e AH(AE
A AiAE b & AFESTh FEAF H el AR
(Ambu Cardiac Care Trainer System, Ambu,
Copenhagen, Denmark) & 1 A A A %57 B2ELE
28k t}2 ECG box (Ambu) & o]-&3te] A2 A2 A%

(coarse ventricular fibrillation), 7F= A4 A% (fine

:

ventricular fibrillation), ¥4 %, 4422 & (normal

sinus rhythm) 9] %‘%‘o Yus T & I
T AEEE Y AS sg-EH AL A 7S
o] &3t L, YA ’\19} H]‘#%LEi T Tk 4y
o A ]6”0}035} %= FPAYE 137 kmQFoh RE F¢
of Abolale &2 A] &gttt AFAAFT] FAEE 7 A}
SAAE7] wic AA DL xR FH A N, IHEE F

3 Al 1hE ARE-sEl T

A2 AP 2 AEa ojFolx o, &
(WFE1 =, GM 1) *‘-'Jr@."ﬂ/ﬂ é]sza Fog %
+ 9= ZYE 7 28 CU-ER3 (CU medical, Wonju,
Korea) & o] &3t AUl £2 F3 (60 km/h) Zol7t Al

Paroit,

2. FRA FYA ASHA SIS HE

TEFake] AES A AAH A (O km/h)ﬂ Bl
2 FPA (20 km/h) ol 24+ 45572 g2 134 A8
AL, 1SR FYA (100 km/h) o= 5Wé¥ 203=

ok ARl 714k ol 8lo] A3 3] el
A% ATANE) 2 2 A5 8, ANE A

3% 1% A, 45 wAE 112 A
2 o, A% 5% % 7]
e dgs ve gl wwq A7ke] B9

AR QAR B 1“%21‘3}1 ?*;737]% ?i@ g
2 AsAAE7]e] dds
AAE B Eel o] 5019+
ol& 0}01 zﬂo}oﬂ‘:‘r *Uﬂ/\ Aes A

+ Kruskal Wallis 7&’@% Al g 3to Du)\'
o] 0.05 P|¥RI A5 FAIZORE ov] givkal w3l
t}. Kruskal Wallis A7 o4 2Jv]7F Q& %ol Mann
Whitney U test® 7 7+ 7H9] AM=HAY & Aldsiqlon,
patel 0.016(0.05/3) olakal Ao A4 o= on] gl
ot gkl

2

1. =& MEHO]| HE XISHAMIS7|2] MAMS i o7

T2 AlEs A ZAE AH (0 km/h) oA 5FF
o] AEAA 7 45 7} 134 A g3}
2019 RAFE s, MEZERE T3 A (20
km/h) ol FA] Al vz = 200 9] 2od3 s st
Grh. AEERE F3 A(100 km/h) o= 5579 AAE
71ell 4& 579 FA-E——% Edas 5514“ 203 & 14%0}01 10 ?i
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A97 19 9t

A7 A0 km/h) 209 AP} WEF 220
km/h) o] A Al 200 9] ROl A BE AsAAE
717V &3 7hsst EleellAeE 23E AN, &3 7
S8 e ABAE £aF AuA SR OBE,
Eo|k UAEE SAY9ZE, AS: EF 1.0). 1%

=2 F3(100 km/h) AlolE= 2 AEAMS719 &3 7}
ot g Ut s, ok, YAASE, S5
T, A% = Table 13 Z9kt}

iPAD: 8 Aol wheh AlAs Alg7tA] o] Alzke] FA
Ao g oA Zo|7} A ow, AL B FA| A
o} 1&HER F3 Atolo] EAZ Aozt ot
(p=0.005). G3Pro:= F3) el whe} AMF714 2] A
Zko] zpo) 7k Q1A ok, AR A e A= ZF 8 Adeof u}
2t 217t Gtk Bl 5 T Aol wE AAH 5 7HA
o] AJZEE AFol7F $lolth (Table 3).

3. ArAXt #E Axt

2. MM SR 2] AlZE AL ApA A AgA A E 7S F-2stal 60 km/h® oA
E 25 FYshe w5l 103]9] E4S A A3 2
Fo el he 7t AEAANEIN D ANE QAR F AEe] WeskA Qrin HESAT L4 S /1S
H A7 26~32%7F 225302 Table 29 25k H AR 71AM Q1 FS 9 (artifact) 2 Fig. 13} 29k},
AAA AAE ABAA L AR ZF gu] e 7% AzEe
2 35 o 4 gu] Abol o] Apol= It (p=0.360).
Table 1. Performances of AEDs in ambulance during highway drive
Sensitivity Specificity PPV* NPV Accuracy
LifePak CRplus 0.90 1.00 1.00 0.91 0.95
Heartstart FRX 0.90 0.90 0.90 0.90 0.90
iPAD 1.00 1.00 1.00 1.00 1.00
AED G3pro 0.70 1.00 1.00 0.77 0.85
Cardiolife 0.70 1.00 1.00 0.77 0.85
Total 0.84 1.00 1.00 0.86 0.92
* PPV positive predictive value, " NPV: negative predictive value
Table 2. Time to shock delivery by AEDs on the different road condition
aved road
Total P unpaved rtiad pvalue
0 km/h (n=10) 100km/h (n=42)  (20km/h, n=10)
Lifepak CRplus 27.1%42 285+21 25.7+4.1 320*14 0.155
Heartstart FRX 26.5*4.2 26.0£5.7 25.0£0.5 335*£738 0.054
iPAD 28.1+26 225*35 29.1+0.3 29.0t1.4 0.038*
AED G3pro 31.9£39 295*0.7 344+1.1 255+21 0.017"
Cardiolife 28.0£2.8 24057 28.60.8 30.0£0.6 0.055
Total 28.2*£39 26.1+:4.1 28.3£37 30.0£4.0 0.194
* P value between 0 km/h and 100 km/h was 0.005.
T P value between groups was not significant by the post hoc Mann Whitney U test.
Table 3. Time to shock delivery by the rhythm on the different road condition
aved road
Rhythm Total P unpa\/ed road p_Va| ue
0kmvh 100 km/h (20 km/h)
Coarse VF* 28.814.3 26.0t4.7 28.7£3.9 31.8t45 0.192
Fine VF 275+34 26.2+t4.0 27.6+t3.6 282+27 0.759
Total 28.2£3.9 26.1t4.1 28.31t3.7 30.0£4.0 0.194

* VF: ventricular fibrillation
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Fig. 1. Examples of downloaded ECG connected to a vol-
unteer in amoving car.
A shows no baseline artifacts. B shows baseline arti-
facts when shaking the AED patch on the chest by
hands
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of $ae BAEs SEY Aro A%l ohlehd A%

AAEN ) B FFL VA S RO P2
TG 7 AFANE G D AN AAEA ) A

ZHE iPAD 7]7) AR 11
A Alzto]l Aoj gk, YA o] 7hA] 71 Al ' 27|
ube} A A E7kA 2] Alzke] ek A] ekoktt. A ojzl iPAD
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