Experimental Study on High Frequency Jet
Ventilation for Tracheo-bronchoplasty
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BHESY -~ v PR (High Frequency Jet Ventilation, HFJV) 2T, & - S/&SHEH
CHETEMERBRET o, TAabL, MERREROC, B2 OBRBRET TOMBEY ASES & U
REEZAEL, 2OEEBEHRFCOOLTREL, EIC HF]V I 2 S EMESEOTLB L 02D
BAEIDWT, EEEFRMMICTRE L. HFJV #1213 HFO jet ventilator (RTEBITE) %1#
AL, insufflation FRICIE, 4% 3.0mm, NE2.4mm QMR 25 L v BF 2 —FRER LY. &
RIFERDO L TH2, sleeve lobectomy DEDHBIHAE X LT, MEEERO HFJV #HERERTH
D, EXEIE 0.5~1.0kg/cm?, BREIEIS 6 ~10 Hz B E@HEH&{FTH - 72, sleeve pneumonectomy 0
VIEBRFROMTIE HF]V B TAIEETH D, BEEIE 1.0~2.0 kg/cm?, EREIE% 6 ~10 Hz 23 HERED
M CHoT. [EREM, sleeve pneumonectomy 1285 T, BEKEIF 1.0 kg/cm? ® HFJV i3 IPPV
LHBRL T, BREBICEERGED Shikdh o038, BEIE 2.0 kg/cm? TIREHIE, MOHBCEE
&1&@%& D7z, F—ERBIE T T, 3 Hz TR FHME, AREOET 2807, HFJV F 2 — 7%

IR REMRE L AEER L ~2 cm OEINZEHEMETH -7, L VBEHSEIOESHE N &, &Y
RIBEOEEETH -, BRI DWTIE, BEIE 1.0kg/cm? @ HFIV % 2 BERIEITRICIE, SOk
BARERAHAC b ohd 0, ERCEEL T, BEFE2.0kg/cm? Tk 1.0 kg/cm? L L T, &
BREIDFLCEA, BEIIEEL T, HUBREET CREEOFENOBER, FKenEs e 1241
otz BRENE 2.0 kg/cm? @ HFJV THIE S 7248813, 24 BREIRICIEBE L, 2 H#1213 microvilli
DD SN, 3~4HIVMEBEFELEAS, WARTHIZIERECEE L, BEED, &8 - 58X
BRI L, HFIVIC TR B 5175 Z e 3T E, HFJV B 2a— 71 0/NIETH 2720, BIF
SRBTOYERENTIRETH o712, 72, BREME JEMEEEOER, S, RIX(BVEEELF
AT2IeNEFL0EEZ SR,
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WA, MTATRENS, TR, REE, Miken

EFMOBS M, HEMLIERTIERCDS, T

REDESICLD, [RE - REIRRMTIIIERIENE
DEMHFMMRD—2 L L TOMTEFEIL DD H
LU, MEMEREHELZ I Y, REBRO
ML 2w, Ches TEBERFINORE S A1
THOEELETLLT, REFEREOR M, BE
M) fAptERs ha o

INLRE - REXERIMc B VLTIE, Hihlss

bhbh, BREFASNRTEL LI ERORF 2 -7
LR ERERTHBROEERSE (ntermittent
Positive Pressure Ventilation, IPPV) #{TA X, &
LRMEHIHERTE, FREHIES TH 54, KO
BF 27 HYEEEERT 520, [EHEEREC
Bl i EBET 2 READD S,
—7, BHEE#SE (High Frequency Ventilation,

Abbreviations : CO, cardiac output; HFJV, high frepuency jet ventilation; HFO, high
frequency oscillation; HFPPV, high frequency positive pressure ventilation; HFV, high
frequency ventilation; HR, heart rate; IPPV, intermittent positive pressure ventilation;
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HFV) GO mm O/NORF 2 — 72 EEH %8
BTEDOHT, BEEITI I EMABETHD, TER
BIZBLTEOTHEETHE., INETICHRE -
[EXRMT I HFV 2 ALt REEBRA s LS
AN 2 O BBFTIEOHE 1L e <, BHEE B
B ELHE STV,

KRR TR BRI T, HFV O—BTH % 58
Yz v MAKE (High Frequency Jet Ventilation,
HFJV) 2 8& - REXERATICHERT 20 ZHTRH)
&R, MESFADES L UEREL VREIL, %
7HFJV I X 2 REMEREOELLB LU ZOHEE
oW, EEEFEMBEIC TREFL .

WRE & UFHE
1. HRJV BB &EF e MBI RSES & CEERS
HElzo>WT
1. EBRETFNVDIER
1) BRBhsef L MIEH A B HE

RE 10~18 kg DHRER A 0B L2 FERL, EiEr ¥
3> 156 mg/kg DFARKREE LUV P AL E S —
)V 15 mg/kg DEIRAHRS W THEE, Sv70=7 A
7a=4 N 4mg I THitE 217 - 7z, IPPV[FIO, =
0.5, —EHE 12 ml/kg, WREE 20 E/4+], B&
U2 OHRB S (BB 4 A MK (FIO,), BEF
(driving gas pressure), EEE[EI#K (frequency)] T
O HFJV 2 & 2 REE 21TV D2, HbElE, 513
sleeve lobectomy, B & '/l sleeve pneumo-
nectomy RHETU 7z, HRAERERIZ 10 2FULEFELC
RETHBRIERTo %, KERBIIRIZ B L 2 A 53 E
ERE, FLMOEE 2L (K1), sleeve
pneumonectomy D FHERER T, EFBERE L
HE T CYIBEL, Zio HFJV 27548, RTR
EXEHN lem LEL, BURBEKSEHETH 7.
N0 2 AEBR T, 518 sleeve pneumonectomy &
FUREEBRET 510, KREMEHH lem ETR
ERYBEL HFJV 2173 2k b LT,

22) AT-FTLONBLEFMGEZORS LS
iz

HFJV insufflation # 7 — 7 LV D EBALE &, BHE
RBMREZORSICL bHE LML, hE9
~11kg OHFERASTRERL /2, GHFIRET-
7o DB RESIEE 3cm D CTRE F#UIL, insu-
fflation % 7 —7 VD% £ E kL TROIE

B L, [EMLER, SIE 1em DA, 2 em OfHc @
&, FIO, =0.5, BREE 2.0 kg/cm?, BRENEE 6 Hz @
&M HFJV 2HETL, RIS A MF£2iTo7. B
& insufflation # 7 — 7V 5El % £ b« TE S
i &, A—E#RETO HFJV 217020, 8%
PRESEE 2 cm C{E], 1com DRI, SMBERIZ TR
FONYIBEL, FBRCBIIRIAY R 547 21T - 72,

3) B L URBERANOBE

HFJViC X 208 & CEERR~OBE R L
fo, BE9~11kg OMBRLA MBEEFEHL, 75 2
> 15mg/kg DFHANK 5%, KEESIIRICEIRM
T—FNVEEBL, KEREIRL D EMEIRIZA 7 A
¥ e A F—=7N (5Fr) #FALN, Ry b E
% — 15mg/kg, S>> 7a=via7avw{ Fdmg i
THBEMEL, [RENEE2To72. THIZBOL T,
IPPV[FIO, =0.3, —EHAK & 15 ml/kg, #1&(H%K 20
B/53] W TR E1TV D DEIARE £ Y18, insuffl-
ation # 7—7 N B RS KE SIEEHCOE 1 ~2cem
WAET 2 &5 @AL, BrxoBE%H [FIO, =
0.3, BXBIE 1 ~2kg/cm?, BXEEIS 3 ~10Hz] TD
HFJV i THEREE 2T o /2, flid 7HHICB W T,
IPPV[FIO, =0.5, —[Eft& & 15 ml/kg, L EE 20
[El] iz TH& L 2D, Al sleeve pneumonectomy %
1Ef7#, HFJVIFIO, =0.5, EXBIE 1 ~2kg/cm?, BX
B[4 3 ~10 Hz]ic CHREE £1T- 72, SREHE
%3, 10 ML, B URGTREAET- 2%, IfT
BhRE & BRI A A SEEBIEL 72,

2. HFJV &£&

HFJV #& i3 HFO jet ventilator (RILERT
¥, WR) EFERALL. BERENF 2 —TEET
LZiE, 15 7 =YDy = v MF%, insufflation R
Wik, SME 3.0mm, NE2.4mm OF&IEAE) = FL o
DA Ty 7 ARF|F 2—7 (SR, BB of
SREFLES 2 U0RR LER U 7z, BEENE 3 RO E L L
7z,

3. HIEHEE

M¥EH A SMTEERE 212, PH/Blood-Gas analyzer
(Instrument Laboratory, v ¥ > ki, XE) %
AL, MITEEERECERY 757 « A7 4
(BANE, ®F) #HEMAL, LHHE1 Edward-
Laboratories9520 /[ &3l (Edward Laboratory,
¥y 7, KE) 2RV, 2 BEOHIEEDFEE
L.

MBP, mean blood pressure ; MPAP, mean pulmonary artery pressure; PCWP, pulmonary
capillary wedge pressure ; PVR, pulmonary vascular resistance ; RAP, right atrial pressure ;

SVR, systemic vascular resistance.
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Fig.1. Schematic presentation of ventilation methods in experiment
1.
For HFJV, HFO jet ventilator (Mera Co., Tokyo) was employed.
A, ventilation at right thoracotomy ; B, ventilation at sleeve right
upper lobectomy ; C, ventilation at right sleeve pneumonectomy.
IPPV, intermittent positive pressure ventilation; HFJV, high
frequency jet ventilation.
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4. HIEEE
Mg 2 3oz, PH, Pa0,, PaCO, %{#
AL, miTEseEoEEe LT, fHE (HR), F
HIME (MBP), FHMEMRE (MPAP), FighiREA
F (PCWP), HEE (RAP), .[iaHE (CO), &1
EES (SVR), MMERET (PVR) AV, EHIT
R ko7,
_80 (MBP—RAP)
SVR———————————CO
PVR=80 (MPAP —PCWP)

5. HEFFHYLLE

B, THE (mean) & 7213 FI9fE + EHRE
(mean+S.D.) THRRL, HBIZIE Student’s t-test %
Avy, p<0.6Zb> THEBEHEL .

II. HFJV 2 & 3 SUEMBERENE(LIZ >V T

1. EBE T LOMER

HEI~11kg OMRERA 21 FHEFEAL, RO 5B
W,

AFE (2B s avba—n,

B# (258 . @75 v 15mg/kg THEME, &
HEENF2—7R 15—V DOY 2y et R EME

IPPV HFJV HFJV
DGP:1.0kg/cm? DGP:0.5kg/cm?
6Hz 3Hz 6Hz 3Hz
torr NS NS
1so| | '
N N R
PaQa 100 1 I I I I
| —
50 NS
torr K%
. k% ——
40 . T T
PaCOz 1 ! 1o
1 .
20 v 1
: NS .
Kk "
I ‘
760
. 1 T
PH . I ;1
740 3 1 1
720 e
I
Fl02:0.6

Fig.2. Blood gas analyses at right thoracotomy.
Ventilation was maintained by IPPV at first, and
then by various setting of HFJV. IPPV, inter-
mittent positive pressure ventilation; HFJV,
high frequency jet ventilation ; DGP, driving gas
pressure ; Hz, hertz; FIO,, inspired fraction of
oxygen. Each value represents mean * S.
D.. *, p<0.05; **, p<0.01; NS, not significant.
Student’s t-test.

B L, 8T 2.0 kg/cm?, BRENESEL 10 Hz @ HFJV %
2 BEWIRETT, EHICEBEL .

CH (43 . ARCHERFRER, NIRRT 2 -7%
KSR IR A, % Ol % KB SUERKY 2 cm T
127 & ¥, insufflation A2, 1.0kg/cm?, 3
~10 Hz @ HFJV % 2 BfEE1T, EBICBEBEL .

D# (458 . CH# & [EHEED insufflation AN T,
2.0kg/cm?, 3~10Hz ® HFJV % 2 BfEMETT, E5
BRI,

E# (95H) ; CE L [E# D insufflation AR 12 T,
2.0kg/cm?, 10 Hz @ HFJV # 2 BEM6E7T, 1~14 B
BICEBELI:.

2. BAOES S L UHE

ERRIIERE, TAHR»CDERELORES &
UATEXZOMESEIL, EEAEKTHEEEEL
THW ERRE, 2.5% 7L —LTATF4 R (0.1M
A3 Y — VEREEEYE, pH 7.4) 2T 2 BREIORTEIE %
TV, DVBT2RAAITLE (3% vyIo—A+
0.1M % 3 ¥ —VEEEW, pH7.4) KT 2iFMD%
BIE#{To%. &S ERT V2 —VRINT THUK,
RV 7 2 A& i e U ORI, BRSRR
B (AIZ8FRN, He)wTEERL, ERECEES,
&RV AEFRELL. EEEFHME HFS-2 8
(EST8ERT, BHE) WCTHR, FREBEET o,

B ##

1. BREhSff & RN XBE

1. Bk (K2)

IPPV T % Pa0, 130.1+31.6 torr, PaCO, 39.4+
6.5torr, pH 7.36%+0.06 TH - 7. FIO, =0.5, BX&E)
E1.0kg/cm?, BX &) [E # 6 Hz ® HFJV T i& Pa0,
113.4+39.3 torr, PaCO, 29.3+9.2 torr, pH 7.46+
0.00 TH Y, MEFORBEFMRFOBE L 32 s %
W E THof. 3Hz T Pa0, 108.8+33.2 torr,
PaCO, 14.5+5.4 torr, pH 7.63+0.08 & CO, OHkit
BEBHD, ZLMTFORENLI6Hz LD bKED -
7z, BEBHE%® 0.5kg/cm? £ 5%, 3Hz, 6Hz £ b
PaO, DEEETHH D, 3Hz TR D CO, DHEH
BENRD STz,

2 . H{_EZE sleeve lobectomy (0 3)

& A I IPPV @ & T & PaO, 64.8+14.8 torr,
PaCO, 36.6+10.4 torr, pH 7.36+0.10 TH -7z, Z
DO, MHREREFERIC FIO, =0.5, BXEIE 1.0 kg/cm?,
EXghEI%k 6 Hz ® HFJV ®#6tH 3% &, Pa0,130.4+
54.5 torr, ‘PaCOZ 27.0x10.2torr, pH7.45%+0.10 &
ol BBEIE%0.5kg/cm? £ ¥ 3 &, ERByEI$6
Hz ® HFJV $#+ B T &, Pa0, 121.4+48.9 torr,
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PaCO, 28.8+11.2torr, pH 7.444+0.10 &% H, &3
12 IPPV I HFJV 2#$tH$ 2 Z L2 &0, IPPV 85k
LHELTHEE (p<0.01)iX Pa0, S EE L7z, %72
WAFRFRI O HFJV 2 & 2 IRENZM & OREE L i3k
SR VWRETH T,

3. Zfil sleeve pneumonectomy (B4 )

BERENF2—72ETHICEAL TOIPPV
Ti%, Pa0, 143.1£69.7 torr, PaCO, 30.2+13.7 torr,
pH7.40+0.12 TH ->7:. HFJV insufflation # 57—
FLEEEBRICEA, T OERE L TRMESNE
WZET 5 & 9121, FIO, =0.5, BXEIE 1.0 kg/cm?,
EXENEISK 6 Hz @ HFJV 21T+ % £, Pa0,72.3+
51.0 torr, PaCO, 26.7+16.3torr, pH 7.461+0.16 &
Pa0, DEMEHED S te, Z 2 THEIFE% 2.0kg/
cm® 2 ERE¥ 5 &, AUBEEE (6 Hz) T Pao,
111.1+74.3 torr, PaC0, 16.2+9.7 torr, pH 7.57+
0.16 &£ Pa0, 3 EFE (p<0.01) I EHE L7 2O,
SHEUH 1 %2 R AR & 75 - 7248, VIERIEORBSE i3
ok WEBETH-L, BEIER S Hz T Pa0,

IPPV IPPV+HFJV
F102:0.5, 6Hz
DGP:1.0kg/cm? 0.5kg/cm?
torr ] ki \
200 r—————*T—‘ﬂlr
M I
Pa0z 1
100 l
r
L]
1 [—
NS
torr ,___,_jff
I ok
40
PaCO; 1 T !
20 L 1
NS ~
. ok
760 skok
PH T T
e .
740 I 1 1
l U —
720 NS

Fig.3. Blood gas analyses at sleeve right upper
lobectomy.
Ventilation was maintained by IPPV of left lung
alone at first, and then HFJV to the recon-
structing lung in the affected lung was supple-
mented. IPPV, intermittent positive pressure
ventilation ; HFJV, high frequency jet ventil-
ation; DGP, driving gas pressure; Hz, hertz;
FIO,, inspired fraction of oxygen. Each value
represents mean * S.D.. ** p<0.01; NS, not
significant. Student’s t-test.

151.2+92.3 torr, PaCO, 9.5+6.7 torr, pH 7.67+
0.13 & Pa0, i3 LA L7245 CO, DHEHBS 2 H D, &
reHRIBT O BRI AL 72 — 7, BREEL % 10 Hz
&9 % L Pa0,136.7+90.8 torr, PaCO, 17.4+13.1
torr, pH 7.54%+0.14 TH > 7=,

. A7F—FLUE  BEMTEXORSICL 58

&

1. HFJV insufflation # 7 —F L OBIc & 28
e

LBk E & CRESEE S em O TERE &4
BEL, FIO, =0.5, BEBIE 2.0 kg/cm?, EXBIEI %k 6 Hz
DEEIRMAET HF]V 2/1T L7 (©5), #7—F 0
FBWMNEL - THOBHE - wwbd 2 r &, PaO,
217.7%47 .4 torr, PaCO, 8.45%2.09 torr, pH 7.71+
0.13 TH o7z, AT — 7T VERBMBERE KR 5 5 5y
i& Pa0,239.8%+43.4 torr, PaCO, 6.23+1.84 torr,
pH7.75+0.13 & Pa0, WEEELE LIz, #7—F0

IPPV  HFJV HFJV
DGP:1.0kg/cm? DGP:2.0kg/cm®
6Hz 3Hz 8Hz 10Hz

NS
——
* N8

torr
200 [ I ]
PaQ2 o ® "' .
100 1 [ l [ l
Kok
torr ,___ﬁ___:*
paco: ©| ] | —F e
o 1 I
! 1 I
Ak
780 T** NS
PH 760 I I 1
1 ! 11
I |
;—TJ
Fl01:0.5

Fig.4. Blood gas analyses at right sleeve
pneumonectomy.
Ventilation was maintained by IPPV at first, and
then by various setting of HFJV. IPPV, inter-
mittent positive pressure ventilation; HFJV,
high frequency jet ventilation; DGP, driving gas
pressure ; Hz, hertz; FIO,,inspired fraction of
oxygen. Each value represents mean + S.D.. *,
p<0.05; **, p<0.01; NS,not significant.
Student’s t-test.
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LIRS 1 em 8], 2 cm OEITIXIME A R
AFHEOEETED s o,

2. BEMREIORR L 2HE

HFJV insufflation # 7 —7 V4% £ L FEIE
EiE L& %, FIO, =0.5, ERENE 2.0 kg/cm?, B
[E1%% 6 Hz OB E&METO HFJV 2/TL2D, &&
PHRAOCETBLL (K6). BEMAEX»E
3 oh, Pa0, D{ET, PaCO, D ELHEWED 1T,
KEFEM Y L BEMREXZ P B 1lcn OFE
X, Pa0,65.9+27.4torr, PaCO, 12.4%5.8 torr,
pH 7.59+0.10 & Pa0, #3 & b {EE %R L 7.

II. fis & UBERR~DEER

1. SERRGEROBRIES L CNKRA ASBE

TEf TRE £ Y08, insufflation # 7— 7 /L Jeif
BEREFEHWOF L ~2 cm KB X I RFEAL,
HFJV it THREEB2To7%k, LHEEIEEFE2.0
kg/cm? TREEED LInEE TR A o7, ¥

mEE BB E 1.0 kg/cm? @ HFJV T IPPV & It

HFJV| HFJV| HFJV] HFJ\ﬂ

YFE

torr
250

PaOa2

200

torr

PaCO2
10

7580
PH . o O
70| °

7.60

Fl02:0.5, 2.0kg/cm?, 6Hz

Fig.5. Effect of the location of HFJV tube.
For evaluation of the most optimal location of
the catheter tip for adequate maintenance of
HF]JV, insufflation HFJV were done at various
levels in the tracheo-bronchial tree which had
transected 3cm above the carina after right
pneumonectomy. HFJV, high frequency jet
ventilation ; FIQ,, inspired gas fraction. Each
value represents mean.

WL TEEZE 2o <105, BEE 2.0kg/cm? Tl
HE (p<0.05) wTFHEL7Z. F—EEETTIZ3Hz
TROUBEEERLE (H7). FHMERE I E 2L
o onlen ol MEIREALE ESE 1.0 kg/cm?
@ HF]JV TIPPV L L TEEEIR G » o724, B
BIE 2.0kg/cm? TRHEE (p<0.05) i EHEL 7 (K
7). AEELRABICHEE 2.0 kg/cm? O HFJV T
X IPPV LB L THE (p<0.05) W EHL (W
7). LREEE PPV LB L T, BREIE1.0kg/
cm?, EREEI% 3 Hz @ HFJV TIEE (p<0.05) &
BEBTFULZ, 6~10Hz TRIDEIRETEALN
ot BEE2.0kg/cm? @ HFJV THREE (p
<0.05) WEETH > 7. BE—HREET TId 6 ~10Hz
LHELT, 3Hz TEE (p<0.01) KA L7 (¥
8 ). KIMEEMIZ TN OREIEMF T THLERRZED

shidpol: (K8)., MIBEEFILEEIE2.0kg/
cm? D HFJV CREBELF U, F—HEEET T 6
~10Hz L#EL T, 3Hz THEHE (p<0.05) IC&{E%

HFJV -{HEWV] =={HFM HFJ
2cm 1cm
< X«
torr
200
o\
PaOa
100
°
torr
PaCOa °
10 g
7.70 L4
o \.\.
7.60 T——
7.50_

F102:0.5,2.0kg/cm? 6Hz
Fig.6. Effect of the bronchial length of the
remaining lung.
At first, insufflation catheter tip was located just
above the bifurcation in the tracheo-bronchial
tree which had transected 3 cm above the carina
after right pneumonectomy. Trachea was
shortened 1 cm by degree. HFJV, high frequen-
cy jet ventilation FIO,, inspired gas fraction.
Each value represents mean.
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MBP PCWP RAP
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IPPV~|~— HFJV IPPV~|— HFJV IPPV~[— HFJV

Fig.7. Mean blood pressure, pulmonary capillary wedge pressure and right atrial
pressure at the model of tracheoplasty.
Insufflation HFJV was done after trachea was transected at the neck. MBP, mean
blood pressure ; PCWP, pulmonary capillary wedge pressure; RAP, right atrial
pressure ; IPPV, intermittent positive pressure ventilation ; HFJV, high frequency
jet ventilation; DGP, driving gas pressure; Hz, hertz. Each value represents
mean = S.D.. @, statistically not different from % ; O, statistically different from
* by p<0.05. * p<0.05; ** p<0.01; NS, not significant. Student’s t-test.

"
et
¥
1min Xt s
dyne-sec-cm5 T dyne-sec.cm™s N
I NS —Ns
1.5 * NS *
. i —t
[ J) l l 10000 1000 —E—
l 11 l
o I !
1.0 T 1 % HE Y ®
i e rloy
e 5000 soof 5 ° [ T e
m—ﬂn—; | L il
o5 e 1]
[ T— * NS
* NS
+
3 6 10 3 6 10H: 36 10 3 6 10H: 3 6 10 3 6 10H:
—_— e M. A eeeed. et
DGP:1.0 DGP;2.0kg/cm? DGP;1.0 DGP:2.0kg/cm2 DGP1.0 DGP;2.0kg/cm?
IPPV=~[~— HFJV 1PPV~|~— HFJIV IPPV+|~— HFJV

Fig.8. Cardiac output, systemic vascular resistance and pulmonary vascular
resistance at the model of tracheoplasty.
Insufflation HFJV was done after trachea was transected at the neck. CO, cardiac
output ; SVR, systemic vascular resistance ; PVR, pulmonary vascular resistance ;
IPPV, intermittent positive pressure ventilation; HFJV, high frequency jet
ventilation ; DGP, driving gas pressure ; Hz, herzs. Each value represents mean *
S.D.. e, statistically not different from % ; O, statistically different from % by
p<0.05; ¥, statistically different from % by p<0.01.*, p<0.05; **, p<0.01; NS,
not significant. Student’s t-test.
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[11 7
v I.
]_ J' [
NS %
| S| N—
NS NS
3 6 10 3 6 10Hz
y 8?3y
DGP:1.0 DGP:2.0kg/cm2

IPPV-|-— HFJV

Fig.9. Blood gas analyses at the model of tracheoplasty.
Insufflation HFJV was done after trachea was transected at the neck.
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IPPV,

intermittent positive pressure ventilation; HFJV, high frequency jet ventilation ;

DGP, driving gas pressure; Hz, hertz.

Each value represents mean + S.D.. @,

statistically not different from % ; O, statistically different from % by p<0.05; v,
* p<0.05; **, p<0.01; NS, not

statistically different from s by p<0.01.
Student’s t-test.
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Fig. 10. Mean blood pressure, pulmonary capillary wedge pressure and right atrial
pressure at the model of right sleeve pneumonectomy.
Insufflation HFJV of the left lung was done after right pneumonectomy. MBP;
mean blood pressure; PCWP, pulmonary capillary wedge pressure; RAP, right
atrial pressure; IPPV, intermittent positive pressure ventilation; HFJV, high

frequency jet ventilation; DGP, driving gas pressure.

Each value represents

mean + S.D.. @, statistically not different from % ; O, statistically different from
* by p<0.05; ¥, statistically different from % by p<0.01; * p<0.05; **, p<0.01;

NS, not significant.

Student’s t-test.
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cm? @ HF]V TREAER %R L. BA—BE8ETT
i3 3Hz TROEETH -7 (K 11), [MinE{E iR
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@ HFJV T IPPV LB L TEETH 725 BE
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(p<0.0D) WEETH -7, H—HBEETTIX 3Hz T
& b PaCO, 8 EETH->7 (K12), pH L EEE
2.0 kg/cm? ® HFJV TREE (p<0.05) iz LEL,
F—BEET Tk 3H: TR SETH-7 (H12).
EREIE 2.0 kg/cm? TIHEIR X 0 0BBE L 2o
7. &0, BREIEHS 3 Hz T3 6~10 Hz L HEBEL €
MBOBERSEL 2 > T,
. HRIV (2 & » SEsEEL
EESERE (AR
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Fig.11. Cardiac output, systemic vascular resistance and pulmonary vascular

resistance at the model of right sleeve pneumonectomy. Insufflation HFJV of the left
lung was done after right pneumonectomy. CO, cardiac output; SVR, systemic

vascular resistance ; PVR, pulmonary vascular resistance; [PPV,

intermittent

positive pressure ventilation; HFJV, high frequency jet ventilation ; DGP, driving

gas pressure.

from % by p<0.0l. * p<0.05;

Each value represents mean + S.D..
from % ; O, statistically different from % by p<0.05;
** p<0.01; NS, not significant.

®, statistically not different
v, statistically different
Student’s t-test.
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Fig.12. Blood gas analyses at the model of right sleeve pneumonectomy.
Insufflation HFJV of the left lung was done after right pneumonectomy.

IPPV,

intermittent positiv pressure ventilation; HFJV, high frequency jet ventilation;
DGP, driving gas pressure. Each value reporesents mean = S.D.. @, statistically
not different from % ; O, statistically different from # by p<0.05; ¥z, statistically
different from % by p<00l. * p<0.05; **, p<0.01; NS, not significant.
Student’s t-test.

T

Fig.13. Scanning electron micrograph of the tracheo-bronchial mucosa of the control group.
Uniform array of the normal cilia is seen. This finding is equally seen trachea and right lower
bronchus.
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Fig.14. Scanning electron micrograph of the tracheo-bronchial mucosa after HFJV through
conventional tracheal tube.
The array of cilia is disoriented.

Fig.15. Scanning electron micrograph of the tracheo-bronchial mucosa after insufflation HFJV of
driving gas pressure of 1.0 kg/cm? The cilia are irregularly tangled and adhered to each other.
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Fig.16. Scanning electron micrograph of the tracheo-bronchial mucosa after insufflation HFJV of
driving gas pressure of 2.0 kg/cm?. The cilia are severely deteriorated and adhered to each other.

Fig.17. Scanning electron micrograph of the tracheo-bronchial mucosa of 24 hours after insufflation
HF]V (driving gas pressure of 2.0 kg/cm?). The injured cilia have fallen off.
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Fig. 18. Scanning electron micrograph of the tracheo-bronchial mucosa of 2 days after insufflation
HFJV (driving gas pressure of 2.0 kg/cm?). Microvilli are found.

Fig.19. Scanning electron micrograph of the tracheo-bronchial mucosa of 3 days after insufflation
HF]JV (driving gas pressure of 2.0 kg/cm?). The regenerated cilia begin to sprout.
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Fig.20. Scanning electron micrograph of the tracheo-bronchial mucosa of 6 days after insufflation
HF]JV (driving gas pressure of 2.0 kg/cm?). The cilia have increased in number.

Fig. 21. Scanning electron micrograph of the tracheo-bronchial mucosa of 10 days after insufflation
HF]V (driving gas pressure of 2.0 kg/cm?). The complete regeneration of cilia is observed.
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HFJV % 2 BT - 7o O TGEREE T3, BEICRE
OFEMBENA T (B 14),

3 . insufflation A2 & 4 HFJV & O K E k5%
(C.DE8)
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BELDLRE - REXIBHIMCEELTH2EEXS
ns,

HFV #B i@ End v, BEOMEcKEL
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DERE - [REERMICGAL, HoziK Bkt
BR500, RIFAREO L L TREBREELTL
Blert#HEL TS,

BAOBFERALLEEBR, RAERFCLIZ2Y v bA
HD HFO jet ventilator (RTERTHE) Ths., B
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cm? 2~10Hz ® HFJV THEL, IPPV &Lt L
T, WTNOBREIGRG TH EREECHEELE LN
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TROE#BR S, 4 BB TCRRMTEOR
HEEEEIEL, IPPVEZ AR Th o EHEL Tw
%, Frank &% B R 12 B 8 £ 8 ~14 cmH,0
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Experimental Study on High Frequency Jet Ventilation for Tracheo-bronchoplasty
Shinya Murakami, Department of Surgery ( I), School of Medicine, Kanazawa University,
Kanazawa 920—J. Juzen Med. Soc., 96, 231 —251 (1987)
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Abstract
High frequency jet ventilation (HFJV) is a useful method in case of tracheo-bronchoplastic

surgery,because it can provide adequate ventilation and oxygenation by a small diameter tube with
the least obstruction of the operative field. An experimental study using dogs was performed to
decide the most optimal driving condition of HFJV by measurements of blood gas analysis and
hemodynamics. In addition tracheo-bronchial mucosal change was evaluated by scanning
electron microscopy. For HFJV, HFO jet ventilator (Mera Co., Tokyo) was employed. For
insufflation, a 3.0 mm sized tube with a 2.4 mm internal diameter was used. The results were as
follows : In case of sleeve lobectomy, application of HFJV to the reconstructed lung in the affected
side could improve blood gas analyses during operation. A driving gas pressure (DGP) of 0.5
1.0 kg/cm? and a frequency (F) of 6-10 Hz was the most optimal setting for sleeve lobectomy. 1In
case of sleeve pneumonectomy, adequate ventilation and oxgenation were achieved only by HFJV
to the opposite lung. The most optimal setting of HFJV for the case of sleeve pneumonectomy
was DGP of 1.0-2.0kg/cm? and F of 6-10 Hz. In case of tracheal reconstruction and sleeve
pneumonectomy under HFJV with DGP of 1.0 kg/cm?, no significant hemodynamic changes were
observed in contrast to the hemodynamics under IPPV. However, when HFJV was used under
DGP of 2.0 kg/cm?, mean blood pressure and cardiac output were significantly decreased. Under
the same DGP, these changes were the most prominent at F of 3 Hz. Optimal location of the tube
tip for adequate insufflation was 1-2 cm above the bronchial bifurcation of the remaining lung.
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When the length of the bronchus above the bifurcation was less than 1-2 cm, adequate ventilation
and oxygenation were not obtained. Concerning the tracheo-bronchial mucosal change, the cilia
were irregularly tangled and adhered to each other immediately after insufflation HFJV under
DGP of 1.0 kg/cm?.  Under DGP of 2.0 kg/cm?, the cilia were more severely deteriorated and
adhered to each other compared with DGP of 1.0 kg/cm?. These changes were not related with
the driving frequency. The injured cilia by insufflation HFJV under DGP of 2.0 kg/cm? had
fallen off 24 hours after the insufflation HFJV. However, microvilli were found 2 days after, and

short regenerated cilia began to sprout 3-4 days after. The complete regeneration of cilia was
observed about 10 days after.



