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Usefulness of modified ambu® in patients
who need artificial ventilation

Kee Soo Ha, M.D., I Hong Moon, M.D., Hee Sun Lee, M.D., Dong Han Shin, M.D.
So Hee Eun, M.D., Baik-Lin Eun, M.D., Young Sook Hong, M.D. and Joo Won Lee, M.D.

Department of Pediatrics, College of Medicine Korea University, Seoul, Korea

Purpose : The comatose mentality can be catastrophic, especially if the condition is severe or the
duration is prolonged. Therefore, delayed diagnosis can result in a poor outcome or death. The best
radiologic modality to differentiate from cerebral lesions in patients suffering from cerebral diseases
is magnetic resonance imaging (MRI) rather than computed tomography (CT). Special apparatuses
with metal materials such as ventilators, and cardiac pacemakers belonging to patients cannot be
located in the magnetic field. We aimed to exhibit the possibility of examining MRI, maintaining
ventilation at a relative long distance by means of modified Ambu®.
Methods : Self-inflating bags as a sort of a manual ventilator, connected with relatively long exten-
sion tubes instead of mechanical ventilators, were adopted to obtain MRI. PVC (polyvinyl chloride)
extension tubes had different lengths and diameters. Lengths were 1, 2, and 3 c¢cm and diameters
were 15, and 25 mm. The work of breathing and expiratory changes of expiratory tidal volume
(TVe), minute volume of expiration (MVe), peak inspiratory pressure (PIP) were measured by use of
the mechanical ventilator, Servoi®, as the alteration of TVi (inspiratory tidal volume), extension tube
lengths and diameters with other values fixed.

Results : Measured TVe and MVe by ventilator were the same values with control at every TVi,
regardless of extension tube lengths and diameters, but PIP were increased with the rise of TVi,
tube lengths, with decline of tube diameters, these were statistically significant.

Conclusion : MRI examination can be carried out with a self-inflating bag connected with an
extension tube at a long distance in patients who need artificial ventilation.
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AT go] gl el MRI AALE AT 49 $xle]
2ol MRI 71418 9% el Sol7tef ab7] wiel] A
S A AFEEN(Ambu")E AHEElclE ofelgol
o} ol A Bxjoll Al s = | HS FA 8
aekE AA = FF2 AFEEVE A WA
2ol PVC(polyvinyl chloride) #& 4tqlsle] 1t

ek AA ol th(Fig. 1). 82 AFEE7]E self-inflating bag
type(Fig. 2)22 Al#H A< (resuscitation) Aol 7Fd &3
AHEEE Z)Frolm FEAQ 5EAS oldlsti(Fig. 3) °l& okt
WHYPAIA aeiitt, & £52 155719 valve F91¢ bag
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Fig. 1. The site between the valve and bag of the self inflat-
ing bag can be separated(A) and connected with the extension
tube(B).

Fig. 2. Self-inflating bag remains inflated without gas flow
and without having the mask sealed on the face.
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4 PVC A4 o] Aolel Aol wt o] ojufg o
FE X=X s otttk 9FHoRE IkE FAE 1
2 o] §ste] Br|Fs FAgstolof shAw @A o V|
ZHo] Evbsstd, 54 AFzEy] ulal A JQFsEY
£ o]gste] PVC 94 o] Wzt mp2 3r)kel WeEs 54
stk & PVC 92 #& 7A1 1FEgrld ddsta o
S test lung bage 2 AAsGA 7AA JAFEFY] VTS

Servoi®(Maquet, Solna, Stockholm, Sweden)E ©]-83}1th
Test lung bage 71412 AFZEF7 RE FES A9
el sl 243 5 JAIE A A AR A8 Aol B
© AFo] AR olFofRA =R gelstEr o] &, stEws)
of we} Y FHo] o|FofX = dA WY FHE %=
HuUzA gt og AdsFe] gle Ag 22 93-S drh
1A J1EEE719] 2 3] & & FH(inspiratory tidal vol-
ume, TVi)S WEA7]3L FAlol PVC A2 #e] Zeolst 14
S A WA o ZM VAN IFEEVIE AR dhe BF
(work of breathing)® %7|W3}(expiratory change)E =
et 7144 J1EsE71e0A 34 52 248 F de A
o= Y335 H(tidal volume, TV),
ratory tidal volume, TVi), 7|4 °e1§] 3%
volume, TVe), & &4 (respiratory rate, RR), &7]4 &3317]
H 571 (peak in-
spiratory pressure, PIP), & 7%t (positive end-expiratory
pressure, PEEP) 5-°] 3l

TViE 30, 75, 150 mL=2 ¥sAZ wf 717414 dFzF7]l

Pressure
from bag \
Patient outlet

Exhaled
air

From patient

7174

J ru9 ]

[¢]

“(expiratory tidal

“(minute volume of expiration, MVe),

L2

Fig. 3.
bag.

The principle of valve assembly of a self-inflating

Sol A WHE F52 AT E7](Ambu®) o] F&4

A TVe, MVe, PIP &< S48t 2 TVi #Ee] z= 9
HE 4, 10, 20 kg FAFe] 2 S 75 mL/kg® AT
Zrolth, RR<S 30 /min, PEEP=4, FiOs(fractional concentration
of inspired oxygen)=04, I/E ratio(inspiration/expiration time)
=128 e nAFAL 1 &o e BE FAERE AT #
o2 fFAsth. PVC 9472 #e] Aole 1, 2, 3 m=E, A4
15 mm, 25 mm= H3tA 7] & TVe, MVe, PIP #e] w3l
& 43k

fxzTe PVC 994 #5 ASlskA 2 A 3557 4
o] o] Hojoll test lung bags AAL TVi & 30, 75,
150 mL& WA 17‘ W A5 = 478 TVe, MVe, PIP <]
ARE gz o At

Zt TVielA PVC 9474 #e] ZeolE 1, 2, 3 m= WahA)7]
Al ANl A4S 15 mm, 25 mmE WA Z wf z+7)
FAEES x99 TVe, MVe, PIPT B3], x}o]7F A=A
glsk7] 918l Kruskal Wallis test(H]25) A o] 8519
AL, Bl it Atelel xfolzt & A AFFEA S® Tukey
Honesty Significant Difference test® ©]-&3t9o™ P<0.05
d wf EATH R w7}t ki AASAT FAZEIHLS
SigmaStat®(version 2.0)& o]&3tit}.

w3 2pdFFol §lo] 71A1 IEsET] A s 5|
Z 549 FAES YHoE Wy F52 AFTFINE &

&to] MRI #HARS A3 8HIeH(Table 1).

A3 5=

—

_ll}lt
o
e =3

3

E| 1t

TViZb 242t 30, 75, 150 mLY el 25 mm 2739
PVC 914 @9 ZolE 1, 2, 3 mZ Z7MFd w} doix
TVe, MVe, PIP #& tizod nlastdth(Table 2). 1 2%
BE A TVe, MVer tl&ad Blus|A zfo]7h ¢l
PIP 2 TViel 30 mL € wie o] Zojd #Agle]l w3t
foy TVizk 75, 150 mLY &= viz=a3) maoq papalc

v 9l elE BYTHP<0.05). o Wl PVC 914 #2 Zolo
uzl PIP & F7)slo] 7%74% &g 0949, 0.925%tHFig.
4A). =% PVC 942 #9] o7k 1, 2, 3 m € W Z4Z9 PIP
H2 TVI g & ARAAS BHJow o] w
0.961, 0.978, 0.987°]AtHFig. 4B).

217}

Table 1. Five Cases Who were Comatose Patients and
Adopted the Self-Inflating Bag Connected with PVC Tubes

Age

(vears) Gender Diagnosis

6 Female Brain stem encephalitis

6 Male Meningoencephalitis

13 Female Encephalitis, Status epilepticus

39 Female Cerebral infarction, Post-partum hemorrhage
62 Male Cerebral infarction
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Fig. 4. The changes of PIP according to PVC tube lengths in

25 mm diameters of tube at each inspiratory tidal volume (TVi)
and linear correlation between PIP and tube lengths(r=0.949, 0.925
at TVi 75, 150 mL respectively)(A). The changes of PIP according
to inspiratory tidal volume(TVi) in 25 mm diameters of tube at
each PVC tube lengths and linear correlation between PIP and
inspiratory tidal volume(TVi)(r=0.961, 0.978, 0.987 respectively at
PVC tube lengths 1, 2, 3 m)(B).

2 Hoe R 15 mm A4 PVC 92 #& o
7y Z¥z} 30, 75, 150 mLg! AElelA 1 Aol s
7k Zel wel A% TVe, MVe, PIP & tl&a ) v]alsls]
THTable 3). 7L A3 25 mme FHAPEAI S} o] BRE oA
TVe, MVex Wz Hlus)A] Ztol7t §1%1a, PIP i
7} 30, 75, 150 mL & W oixTd wlusle] zZkzh ow Qe
Z

210l E HITHP<0.05). ©] W PVC |44 o] Hold wuwa}
PIP #< Z7lstdm Z42e) rzh2 0.849, 0.949, 0.887°
1

Z |
(Fig. 5A). T3 PVC 944 &9 del7t 1, 2, 3m & wl 72t
PIP & TVi @3 4o AadAE BHom o uf rgte 7t
7} 0.975, 0.986, 0.971°]ATHFig. 5B). E3 table 29} table 3
52> Fig. 4% Fig. 59 AAME#E vlws] 2 o o Aot
TViol #AI%le] PIP 3 PVC 914 #9] 243 &9 Aa7#
Al(r=-0.990, r=-0.983, r=-0.993)3it}. & PVC <12 e %

Ead
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Table 2. Changes of MVe, TVe, PIP according to TVi and
PVC Tube Lengths at the Larger Diameter, 25 mm. The Each

Inspiratory Tidal Volume(TVi) was 30(A), 75(B), 150 mL(C)
at Respiratory Rate 30/min

A.

Tube P
Lengths(m) Control 1 2 3 value
TViimL) 30 30 30 30 NS
TVe(mL) 30.0£0.0 29.8t06 29.7£05 298+05 NS
MVe(L) 09+0.0 09%£01 09%£00 09*£00 NS
PIP(cmH.0) 6.0£0.0 6.0£00 6.0£00 6.0+£00 NS
B.

Tube P
Lengths(m) Control 1 2 3 value
TViimL) 75 75 75 75 NS
TVe(mL) 750£0.0 748+t05 748+t05 747+£05 NS
MVe(L) 23+0.0 23%01 23%£01 23*0.1 NS
PIP(cmH,0) 7.0£0.0 78%t04 78%t04 83%05 <0.05
C.

Tube P
Lengths(m) Control 1 2 3 value
TVi(mL) 150 150 150 150 NS
TVe(mL) 150.0£0.0 149.6+0.7 149.7£06 149.6+05 NS
MVe(L) 4500 45£0.1 45£01 45%£01 NS
PIP(cmH,0) 10.0£0.0 129+0.7 142£0.7 157%0.9 <0.05
Abbreviations : MVe,  Expiratory  Minute  Volume; TVj,

Inspiratory tidal volume; TVe, Expiratory tidal volume; PIP,
Peak inspiratory pressure; NS, not significant
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Table 3. Changes of MVe, TVe, PIP according to TVi and
PVC Tube Lengths at the Smaller Diameter, 15 mm. The

Each Inspiratory Tidal Volume(TVi) was 30(A), 75(B), 150
mL(C) at Respiratory Rate 30/min

A.

Tube

Lengths(m) Control 1 2 3 P value
TVi(mL) 30 30 30 30 NS
TVe(mL) 30.0%0.0 298+t04 296+12 298+t05 NS
MVe(L) 0900 09+01 09=*0.1 09+01 NS
PIP(cmH-0) 6.0+00 60*00 62*04 7805 <0.05
B.

Tube

Lengths(m) Control 1 2 3 P value
TVilmL) 75 75 75 75 NS
TVe(mL) 75.0%10.0 748+06 748*t04 748*04 NS
MVe(L) 23100 23*+01 23+£05 23£00 NS
PIP(cmH,0) 9.0£0.0 104*05 11.4%05 169*12 <0.05
C.

Tube

Lengths(m) Control 1 2 3 P value
TVi(mL) 150 150 150 150 NS
TVe(mL) 150.0£0.0 149.7+0.7 149.8£05 149.8405 NS
MVe(L) 45100 45+01 45+00 45+00 NS
PIP(cmH,0) 16.0£0.0 18909 22.0x0.8 351*0.8 <0.05
Abbreviations : MVe, Expiratory Minute Volume; TVi, Inspi-

ratory tidal volume; TVe, Expiratory tidal volume; PIP, Peak
inspiratory pressure; NS, not significant
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T7hE ol AP 2F 849 H7E 06 ool Aeddd 2%
71 olgo] ofH &l 1 ofrE Abdol 57}% #Ee Afe
E7F o] Ja 71E Aol F7hE ol =F Yol 714

917 wol 1V demE sHsd W LHOM wo] 7ol

=
A shal AEF A4 ¥E dEstel AMEE Eole Aol F

w3 olgfe HE A= st g 7= A WA
AL AT Ve A dFS F 5 JE adowe #
o] H7, Aol /WA BASF Fo] APt @A BAGE=
ARge] o7 wiiel Alejsta v A 273 Aol sy
as] B oy 2l AL A #dFE v|=d 9
(turbulent flow)7} &Aslo] 71EA & o] F7elA =il 22 <l
g Sgol Zosd k=(PIP)o] Z7kshAl |tk mg e Zel

7t Ao AY LI ZFH(TV)el ALFE
breathing)o] S7}¥o] 4l 71=Adz} dgo] Frlate)

40

150 mL
30 A
Q
L —
£ 20
o
o 75 mL
10 4
. T 30mL
0 T T T T
Control 1m 2m 3Im
A Extension Tube lengths (m)
50
40 A 3m
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g 2m
E li/l/ 1m
5 204 I
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o
10 4 /F‘
W B
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Fig. 5. The changes of PIP according to PVC tube lengths in

15 mm diameters of tube at each inspiratory tidal volume(TVi)
and linear correlation between PIP and tube lengths(r=0.849,
0.949, 0.887 at TVi 30, 75, 150 mL respectively)(A). The changes
of PIP according to inspiratory tidal volume(TVi) in 15 mm
diameters of tube at each PVC tube lengths and linear cor-
relation between PIP and inspiratory tidal volume(TVi)(r=0.975,
0.986, 0.971 at PVC tube lengths 1, 2, 3 m respectively)(B).
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FEEde 87t 9)\01 dEs dA FE olHeE &9 F ¢l
2 Qrps W g qokat
He valve’l PVC 914 #9 HFKo| Xsnz a4 #e
3] bag? reservoir AN StEE PIPe] WIS 123}
AAl AFaAse] AMEEE T2 QITEFI= £33 FE
WoZ Ambu®(air mask bag unit)olEFi%E FH HE

upe} 371 EHIF Yo7,

A WA FTFHFZE self-inflating bag typelZ wTHAI} F
Az A nAEed T3] AEEE FHolth(Fig. 2). oA
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Fig. 6. Clinical application of the self-inflating bag connected
with a long PVC tube to a child, 6 years old, male, menin-
goencephalitis. MRI examination was carried out at this setting
successfully.

FHU(bag)E UZ(squeezing)d Foll ALZ AF 7] w
ol AHgEt7lel At 7h=e] Fael ol ARge] 7hs st
v mlaArt Fxie] byl WAE A glolk AFo] Hu
St pressure-release valveZ} 1o #H7F FHAAEH= AL 9
T Ao Aol Ak AN wiaaE 5 akRE AH

% 4 ¢l3 CPAP(continuous positive airway pressure)

9 ol o

rr

Y PEEP(positive end expiratory pressure)> = I $ith
ool tH® Self-inflating bag type? FE2

ool
N

TE AFTE
valvet bag¥ Al FUF Alolol $IXstd FHUZE 4tz
(F7NE o dejar FHUZ ARHENE o Zene Tkx
7t 4 3 UAEF S one way valve©lth(Fig. 3). ©]
23t valved s Y2 A8 A E717F=(expiratory
gas)’t THA bagl & Eol7} Ad7|=e= A& 2reth

T HA FFEZ+E flow inflating bag typed 54 AFZ
F710Itk(Fig. 7). 1AL 7k~ Fadel wet 21-100% 2A v
& Ml AARE FFHY 5 doy, dEF vhaaE dud

2] 2} P TreEHE Aol dolok AHE ThesiH oY
& 4% —’F 91 valverl glekes whdo] b

A WA FFE+ T-piece resuscitator typed 54 <&
3&71(Fig. 82 ol A&KA 4=€E 7M1 4 A7 —L‘vj_-oﬂ

PIP$} PEEPS =43 4 & FHol Joy &
7] Wi AREEE A =2 5 flo] e

S gl vl ek,

Aoz Ak TFo] gl E4 FAA MRI HAE ¢
AsHAl Aldsr] g A9 5 e 5624 JAFETUIe
self-inflating bag typel.Z °]3< 4= 2IAE AT &

>

I Fye] Agel gejste] sk~
7hs 3tk
e dHer FE4

A 493 A 11 5 20064
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Flow-control valve

Fig. 7. Flow-inflating bag inflates only with a compressed
gas source and with mask sealed on face; otherwise, the bag
remains deflated.

~XE PEER
by

| Adjustment

Fig. 8. T-piece resuscitator. Pressure are pre-set by adjusting
controls on the device and are delivered by occluding or
releasing an opening behind the mask.

(maximal tidal volume)ell wet 73 FX gl o d3
Z5FE4°] 1,500 mLS! o—?‘ dRlell A, &20] 450 mLY 5
FFAZ7E 20-30 kg AkelS] frolEol A, §4e] 300 mLl A5

FEAIZE 5-20 kg Akele] GolsdlAl &2 0] 150 mL 7
= BFAZE 5 kg WIREe] go} Y AlAelEof Al Aol ThE
sic), SRR #Alse] HE 4% o), BFA, dEAX we}
ggstre AdEd s A B 435 FH(tidal
volume=5-8 mL/kg)< Ak & F52 JAFTEF7]9] Hdl U3
qds A7|E A9 3}04°]E sh A

F1F

55843 vashe] %
AAolA Q1B BB AAT A4S A @A AHE 2l

el YaeE Aot Bk AT FEOE AT BT
95 ol AL Jjaied @A} 2ol o el Tl
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Hh B : 593 393t A X self-inflating bag type2] &
T4 AFEEI PVC #& d4dsta 1 &5 A 7=}
Adste] wE HaA sk gxjoltt, mdk oA S E]lEty]
fstel 71AA AFEEF7E olgste] PVC A #o dojgt
A7 2 A3 5T EH(tidal volume)S HWIAHS A TVe,
MVe, PIPE ZA3to] &7]o] mX= gkl ois dofrtrt.

)

A 1}:15 mm, 25 mm A 2714 FF< PVC 942 @
< o83l TViE WA FAld #e] Zol& 1, 2 3 m
< nom,

2 Z7A e Wl TVe, MVe, PIP #& =33} )
7 TVe, MVe @2 txw# vlus] xfol7F gl PIP #t2
TViZt S7hghel we), o] doj7k ol wi} on] e 5

7He BATHP<0.05). B3 #e] el TVidl #7AIgle] PIP
& PVC 92 #el A4 &9 das malvh 5 ] A

7 AoAss, diagiel IS
371 A% PIP#E S7heklth 5] #AbE
] MRI #AHS Al&skslon
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