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The Development of an Inspiratory Time Adjustable Transtracheal Jet
Ventilator and Evaluation in a Human Adult Trachea-Lung Model

Hoon Do Kim, M.D., Joo Hyun Ahn, BS*, Wyun Kon Park, M.D.
Hae Kum Kil, M.D., and Deok Won Kim, Ph.D.*

Departments of Anesthesiology and *Medical Engineering,
Yonsei University College of Medicine, Seoul, Korea

Background: Transtracheal jet ventilation (TTJV) has been used for ‘Cannot Ventilate/Cannot
Intubate’ situation, lefe-saving situations, by simply introducing an IV catheter (angiocatheter) through
the cricothyroid membrane. To decrease the occurrence of barotrauma caused by a continuous high
pressure oxygen supply while applying TTJV, it would be ideal to have a TTJV system equipped with
an inspiration time adjustable function which any currently commercially available TTJV does not have.

Methods: Recently, we made a prototype of an inspiration time adjustable TTJV and measured the
corresponding injection volumes and peak inflation pressures according to the changes of oxygen supply
pressure and inspiration time using catheters ranging from 14 to 20 G in a simulated human adult
trachea-lung model.

Results: A 16 G angiocatheter provided 465 + 5 ml of injected volume with a peak inflation pressure
of 25 cmH,0 under a 50 psi oxygen supply at 1 second of inspiration, which would be adequate for
an adult tidal volume. When a 14 G catheter was used under the same conditions as above, the injected
volume was 1128 + 9 ml. All injected volumes were under 310 ml when 18 and 20 G angiocathers
were used at various driving pressures (10-50 psi) and inspiration time (0.5, 0.75, and 1 s).

Conclusions: An inspiration time adjustable TTJV can easily provide enough tidal volume to maintain
oxygenation, and could be expected to prevent or reduce barotraumatic complications such as
pneumothorax. (Korean J Anesthesiol 2001; 40: 211~219)

Key Words: Airway: obstruction. Complications: pneumothorax. Equipment: transtracheal jet
ventilator. Intubation, tracheal: difficult. Lung: tidal volume. Oxygen: oxygenation.
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Fig. 1. Circuit diagram of the transtracheal jet ventilator.
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Table 1. Changes of Peak Inflation Pressures at Various Tracheal Diameter with 0.5, 0.75, and 1 s Inspiration Time

under the Driving Pressure from 30 to 50 psi at 14 G Angiocatheter

Tracheal diameter (I.D.)

Inflation time  Driving Pr.
8.2 mm 9.5 mm 12 mm 15 mm
05 s
30 psi 15+0 14 £0 1I5+0 16 £ 0
40 psi 21 £ 0 22 £ 0 20 £ 0 20 £ 1
50 psi 25 £ 0 26 + 0 20 £ 0 20 £ 1
0.75 s
30 psi 24 + 0 22 £+ 0 21 £ 0 21 £ 1
40 psi 29 £ 0 32 £ 1 28 + 0 31 £ 1
50 psi 39 +0 38 +0 38 +0 40 + 0
1s
30 psi 38 +0 35 £1 35+0 38 £ 1
40 psi 5 +0 59 £ 1 54 +1 56 + 1
50 psi 68 + 0 65 + 0 64 + 0 65 + 0

Values represent mean * SD for each 5 experiments. Repeated measures of analysis of variance followed by Dunnett
test was used to test for differences among groups. The unit of peak inflation pressure is cmH,O.

Table 2. Changes of Peak Inflation Pressure at Various Tracheal Diameter with 0.5, 0.75, and 1 s Inspiration Time

under the Driving Pressure from 30 to 50 psi at 16 G Angiocatheter

Tracheal diameter (I.D.)

Inflation time  Driving Pr.
8.2 mm 9.5 mm 12 mm 15 mm
0.5 s
30 psi 10 £ 0 10 £ 0 10 £ 0 11 +0
40 psi 12 £ 0 12 £ 0 12 £ 0 12 £ 0
50 psi 14 +£0 14 +£0 14 £0 14 £ 0
0.75 s
30 psi 12+0 130 12 £0 15+0
40 psi 18 £ 0 20 £ 1 19 £ 0 20 £ 0
50 psi 20 £ 0 21 £ 0 21 £ 0 21 £ 0
1s
30 psi 20 £ 0 20 £ 1 19 £0 21 £ 0
40 psi 21 £ 0 22 £+ 0 22 £ 0 22 £+ 0
50 psi 25 + 0 25+ 0 25+0 25+ 0

Values represent mean + SD for each 5 experiments. Repeated measures of analysis of variance followed by Dunnett
test was used to test for differences among groups. The unit of peak inflation pressure is cmH,O.

o A71& jet 71715

ventilating laryngoscope©|

el 22 AXEA 1/}17,18)

wasel AgE 5 9



ot FFAAL R FE T T e WSl °

5ol sttty 9ol wet ﬁﬂ% jet 71 Al

Pt E siokste SAtel A B7)AE E7bs et

ddHe 45 viE A3 eE JHEHEE A

Zp, AR Fe el og 7bA 718y A

WHEAY 74 A, 4 78
A

2
sure regulator)E A4t A& AY, B o4

A7) glo] A3 T4 AL FF AA
Z} 2] o]

2 e
RN
far o

2

NS

= =

N
Wi (o fr rr _ug ?‘;ﬂﬁ
= S G S
E 3 E > N

2 oy,
gopoggr;éﬂm\a

4 B3o= HW 1,250 psi® ‘,’J’% 227
onZ g x-S B3 ¥
sor stk AW AR vl3 7].4 AF2> flush valve S
gat= g eld, v BEEHo] e 3§
k2 flush valveE FEA HH 714 WHE 3
(bypass)3te] AH T4 A FF AX A TFEH
B AFAS%HG50-60 ps)o] AthE HAgEERE w37
9] fresh flow gas7} Y2& Xo HlgrAde] Ak
F ¥ (tubing)S AAI I °)E FFHAALS B

2, AR FHeE 2] ddste] AMEE 5 Atk

'OH

2

A oA A 2" 7

off
tlo

74z BN #E Jet 7171 217
uH 71 FRO wet Aot TG A
ZHE 9350 fresh gas flow’} Y= Al
Zste]l AHA AGHA Ho ai—t— BAEE deEz
o] ARG Alefl= A AL 3]
8-S Azl HO}OL Eia=g

BA71E jet A7|HLE tSo F UHA 71A 1 o] 3
&9l kAt *15101 'R HE
& Jdok. AA, 7lHHEE T3 9 Az
o] A7) bulk flowoll 93] H¥X=z A
, BA 19te] vt J1#E B &S AL
el FYHERZ FHEHEE H9o V=R F77t
Venturi &30l 93] 71& WE A FA
B71=e A Az wet bg2oh) FRE &Y A
A2 BV HEE A9 5 A5 A4 F(glotts)
o AT AAolol A Venturi E3ol] o3 F7]9
o] e ASE 53 A7 jet B
o gt AbA FPFHET oF 40% A= © Holxlth
3 P gy @74 Erbs AEelA A7w

ot B7MS AgRE AE F2 AR A= oA

ﬂ
N
i

o= do of
2 X d
m‘&rﬁ'

Rl

2
Lo

ﬂr«l 01:@] cgato Ao BT HExz dgd 3o
o, A]lely ZotelAe] 43 sFF AFHE
ol FEHEUW ole FF AasE FEI A
F g etk F0E dad 3 FvtE 2
Wbt # o &gl sl 37 FEHOE o]Fo
A ANEE T ALZ wEHA doh olHd 3
71% jet B o] &g HE BU)e} EF bas)
o fA 2 oltsiera wjEe a3t T AP
g QA Y FaEl Rug B o ant 4%

b=

Spoerel 57 7@ -#H =d B HS o] &3t
B AFdA 50 psie) 100% A+AE 16 G FHH)
£ T A7 jet BYVIE VBN FYIe
1% 500 mlo] frE, 5 AU ¥4I IF
(tidal volume)©] FYPHE Ao Z Husit. & 2
HolME 16 G FHHEHZS H$ 50 psiz 1% 5
FUA 465 = 5 mE o] AL HAAE UEH



218 uldtulH A A 1 A 40 B Al 2 & 2001
. 14 G FEIHIZE AMEEE A9l 30, 40, 50
psi bl FEFoIA 127 FAAl 740 = 14-
1128 + 9 mle] FAHFES Holx, 3 40 L 50 psi
ANX 07523 F4 A A7 666 + 18, 791 + 10
mle] U3 FIFL BYogX o] EF AN
ARgEE7]o AEE JEEIZ2e] W 2 FEYgeR
AZLEAY 14 G2 FHHEI =AM 50 psiZ2 127 F
YAl 1128 + 9 mle] ¥3] FUFS Hole nuf, o]
= A4 A9 &7 & Z(inspiratory capacity)S <F
3,600 ml(Z+F3F = 3,100 ml, ¥3] &&= = 500 ml)
2 AN o, o] Hxo] U3 FYPFL VFS &
AATNA s Aoz AZtHET

A7 jet ﬂﬂf‘H 43 FAFT

AE G A
gsu Fig. 4b 2 4dol A, 14 G2| 7}e]E)]
,E_«l Pw 30, 40 2 50 psiol A T2 EFe] 71

Had wal A3 AEste) 34 459 myou
ot 713, # Bl AEE test lnge] &ol
497 W Ao AZAHM ot FF F¥ A
A2 Bate] #s) molob & Aolth AW jet
B84 A JEge Jlwel BWA, TEG

(driving pressure), 458 Jlel€| 29 A7, Ao,

712 A A=, At FH S8 E jet 351'7]7]

o F9) A Tl dFE wAEH. £

F71 AE A8 A s "JEH"HH Ha
| =

sHAl S 7}

4 4 SISATh(Fig. 4a, ©).
dole] A A4 WA Hge 7o FEe|
2 Ag 7HsE 14 G916 GOlA 2}
Feozx Aolold A it =2
Al

°l& Ho|x
A BARl A AF FAFL TS F AL A
o2 e

2 A3 Az 18 GU 20 G 7lEHHZS F$ &
obel et Y=o} He A3 FAFE I& F
Aed, olg mEog ZofolMel e s
2 5 o, o] ATE 49 7T Zolgt 7
AL 7zx2 dta] Aol AHolmZ FIFE Aole] o
B 7 gol 9 AR AR W, ¥ mde
A g3to], Lolo] AP FAAE AL & UL R
E Azddg

B A AFEHE jet B7]7)oA 2 FY A
g 122 1453 4y 2HVE 4Es WshA
7184 478 43 IFEFS FIY F AEE =
W = 48 2E7E 50 psidl TAHAIA w1
T8 AIPE A e T OYHE A B 5 e
o, Fxo] AE T A FF FA A FFHE
Ak2=qbe] 50-60 psiol d|FIEE ¥ dEIE
A A ALATGE R 7F B st 74
A2 F Ade Aol Aoy A= E 18 W &
g 24718 §&, AHgSE Zlo] o wigEE Ao
2 AZ4En. A AlREHL de B TR A8
jet 7171 HA dFEHEGFY A 2EV=
) °lE 7“&6}64 % o Aol sigste jet &

71717} Apgell T e

g & dgun ey ojge @
Smith=> 50417 53t 14 G5 AME3le] AW jet
718 ANYSFAD AAA Hed 2de

a9 1;}1 sttt 28y kel A7)

ARl A £de GFel F

] 5
< A3 B & gldov, o FF 5E A¥S
S3te] Bels 2 4 3le Aot

AEZHOZ, AT jet 71719 FHEA A9
d3 =EFHS 25T 9 16 G JFHHEIZE ©]&3}
o 50 psidll A 123F FAske= Aol 7 AdEd A
o A5 14 G 7HHEZE A

T

i
L
Mo
rat

1. Capalan RA, Benumof JL, Berry FA, Blitt CD, Bode
RH, Cheney FW,
management of the difficult airway. A report by the
ASA Task Force on management of the difficult
airway. Anesthesiology 1993; 78: 597-602.

2. Spoerel WE, Narayanan PS, Singh NP: Transtracheal
ventilation. Br J Anaesth 1971; 43: 932-9.

3. Jacobs HB: Emergency percutaneous transtracheal ca-

et al: Practice guidelines for



10.

11.

12.

13.

14.

AFE= 9 4

theter and ventilator. J Trauma 1972; 12: 50-5.

. Smith RB, MacMillan BB, Petruscak J, Pfaeffle HH:

Transtracheal ventilation for laryngoscopy. Ann Otol
Rhinol Laryngol 1973; 82: 347-50.

. Spoerel WE, Greenway RE: Technique of ventilation

during endolaryngeal surgery under general anes-
thesia. Can Anaesth Soc J 1973; 20: 369-77.

. Smith RB, Myers EN, Sherman H: Transtracheal ven-

tilation in paediatric patients. Br J Anaesth 1974; 46:
313-4.

. Smith RB: Transtracheal ventilation during anesthesia.

Anesth Analg 1974; 53: 225-8.

. Jacobs HB, Smyth NPD, Witorsch P: Transtracheal

catheter ventilation: Clinical experience in 36 patients.
Chest 1974; 65: 36-40.

. Carden E, Becker G, Hamood H: Percutaneous jet

ventilation. Ann Otol Rhinol Laryngol 1976; 85:
652-5.

Weymuller EA Jr, Pavlin EG, Paugh D, Cummings
CW: Management of difficult airway problems with
percutaneous transtracheal ventilation. Ann Otol Rhi-
nol Laryngol 1987; 96: 34-7.

Layman PR: Transtracheal ventilation in oral surgery.
Ann R Coll Surg Engl 1983; 65: 318-20.

Patel RG. Percutaneous transtracheal jet ventilation.
Chest 1999; 116: 1689-94.

O’Sullivan TJ, Healy GB: Complications of Venturi
jet ventilation during microlaryngeal surgery. Arch
Otolaryngol 1985; 111: 127-31.

Oliverio R Jr, Ruder CB, Fermon C, Cura A: Pneu-
mothorax secondary to ball-valve obstruction during
jet ventilation. Anesthesiology 1979; 51: 255-6.

DHA A =4 7

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

ofr
tlo

7 7713 Jet 7171 219
Sanders RD: Two ventilating attachments for bron-
choscopes. Del Med J 1967; 39: 170-5.

Oulton JL, Donald DM: A ventilating laryngoscope.
Anesthesiology 1971; 35: 540-2.

Smith RB, Babinski M, Petruscak J: A method for
ventilating patients during laryngoscopy. Laryngo-
scope 1974; 54: 553-9.

Carden E, Crutchfield W: Anesthesia for microsurgery
of the larynx (a new method). Can Anaesth Soc J
1973; 20: 378-89.

dda, 4%, 343, F4%: 39 E AE $U)ste]
A @v st Adl FE& AT T AYeE. det
F st A 1995; 29: 91-6.

McLellan I, Gordon P, Khawaja S, Thomas A: Per-
cutaneous transtracheal high frequency jet ventilation
as an aid to difficult intubation. Can J Anaesth 1988;
35: 404-5.

Baraka A: Transtracheal jet ventilation during fiberop-
tic intubation under general anesthesia. Anesth Analg
1986; 65: 1091-2.

Benumof JL, Scheller MS: The importance of trans-
tracheal jet ventilation in the management of the dif-
ficult airway. Anesthesiology 1989; 71: 769-78.
Klain M, Smith RB: High frequency percutaneous
transtracheal jet ventilation. Crit Care Med 1977; 5:
280-7.

Zormow MH, Thomas TC, Scheller MS: The efficacy
of three different modes of transtracheal ventilation.
Can J Anaesth 1989; 36: 624-8.

Neff CC, Pfister RC, Sonnenberg EV: Percutaneous
transtracheal ventilation: Experimental and practical
aspects. J Trauma 1983; 23: 84-90.




