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Responses of Systemic Arterial Blood Pressure and Heart
Rates to Graded Increase of Positive Lung Inflation

Kyu Soo Kim, M.D., Sang Yu Oh, M.D,,
Byung Ok Choi, M.D. and Joorng Kil Lee, M.D.

Department of Physiology, Kyungpook National University School of Medicine
Taegu, Korea

(Director:Prof. Young Eun Choo)

Effects of graded increase of positive lung inflation upon heart rates and arterial bloed pressure were
observed in the anesthetized dogs to analyze the mechanical and neural regulatory factor in response to
the positive inflation of the lung.

The results obtained were summarized as followings:

1) When the low grade of positive lung inflation was employed under the mild to moderate anesthesia,
central venous pressure was linearly increased while heart rate was decreased. After bilateral vagotomy,
central venous pressure was obviously increased while heart rate was constant.

2) When the high degree of positive lung inflation was employed, changes of central venous pressure
and heart rate were not significant,

3) The low grade of intrapulmonary pressure increase caused reflex tachycardia in phase 2 and overs-
hooting in phase 4 in response to the systemic arterial blood pressure change.

4) On the other hand, the high degree of intrapulmonary pressure increase caused paradoxicai brady-
cardia in phase 2 and lack of overshooting in phase 4 in response to the systemic arterial blood pressure
change.

5) It may be noted that the experimental model employed in the present study is a wuseful tool to
evaluate and analyze the neursl and mechanical regulatory factor in response to the graded increase of

the positive lung inflation.
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ko] B Bits $%Ese] cardiovascular response
7+ $#k3A] F e}l ED positive lung inflation ©] v} nega-
tive-pleural lung inflation & MPEAC] & MRS m
TEMS B2z BRLES BOAYE fiRinE
& WAL Ame EREelwh 4P

o] 2} o] lung inflation o] BEZE #3Ce] BidlE T
fela oM = R BRd dx XEL D KBRAH%
o model &} RiE0] —EFA FAL, 2) MEAY trans-
mural pressure, FEAE 2 MRk RES MBS BE
A dsteod, 3) MiaMel Aol & & MBS kinking
o]} collapsewl 2ol #Eiio] MMM ez Bm=A We
B 4) B MR A e it AR B
L MgFe] MEEs] =@-FelH, 5) o] FEERAHC] A
3 pulmonary vasculatureo] ©]3]& o o] EEsR) &
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1 BB 2 mEk
BE 11~20kg 9 T4 AFYA WL A E
B glo] el o)-% st thiopental (15~30 mg/ke)
o sod. barbital (50~100 mg/kg) 24 w384 o
2) FARES 8
S-S A8 8te] endotracheal tube(38~40 §5) &
Al sk Axs nFAF 2 AR S AR 510
bagoll ol stel HREENBMIT & A 284 KEE
g & g Al s
IFRNENR NS v3] bag 8] —idl HEigd U3 K
ST 2olrbdA 3 bag & o B EEHS oL
EHE A A4 iR 4239 BWREHNE 10~
60 mmHg 73] @A A=t ol fiREESol EREs] Lk
f4 AL By B KBFERS AA PLIFK
BE fEste-
3) BRmME R LHH
Sanborn- division, Hewlett Packard carrier preamplifier
350—1100 C model = transducer 267 BC type & FiH
sle] KEBEIEME R ECGE 3~ stgsh
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BEAEE /38 hnms TiiE SAETSES 4F Be= 1]
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BERER

FiAESS 10~30mmHg 743 B{inAZA-E& = &8
M o UEIREE 2 OEEE HhEEsd F1E 28
1@ A 2E upel 2x}b. B intrapulmonary pressure
increase (JPPD 7} 10~30 mmHg ¢ @& IPPI&|4 30
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o] MRESNE ROBERES #nstd ot LERE
FOTIREES) e R4 A3 mAstde aEv
SEETMRDE %Y 2L REE Jighe) fisles] o
= E4re) st BIRF ¥ wlRelstm A4Rcb(E2
k8 F1E T2,

FiREES 40~60 mmHg(high IPPDE @A Z& =
G R OBEE Y OB EEIR B1R S
2 el 4] B ule} 22}, BB high IPPLel A 30 #fe] &
OEIRES MAEEMS: kasA #mst=l IPPLgn
o] K3l hORIREES) Bine (A% gakeh

2 SETREIETES PORIREES IPPLIE el
WA Emeke Bl o] & R Mie] HKE B
o #m MEs HA fERSE A 29ket

Table 1. Response to graded lung inflation

Sec.
IPPI* | o> o | 10| 20| 3
C.V.P. mmH,0 | —2|192.2 216 | 224
10 | BP. mmHg 1316 70.2| 52.6 484
(mmHg)| 1 R R/min. 168 | 158 | 158 | 136

C.V.P. mmH,0 0 | 267 | 259.2 267
20 B.P. mmHg 136.5| 45.7] 36.9| 38
H.R. R/min. 156 | 116 | 118 | 114

C.V.P. mmH,0 0 | 255 |279.2| 285. 4
30 B.P. mmHg 137.1] 36.2{ 30.7| 36.7
H.R. R/min. 150 | 130. 8 150. 6] 102

C.V.P. mmH,0 3.4/ 259 |314 | 298
40 B.P. mmHg 136.6| 29.8| 21 24.4
H.R. R/min. 156 | 103.8| 115. 8 123.6

C.V.P. mmH,0O 0 | 268 | 286 {2832
50 B.P. mmHg 135.1} 32.6, 24.6/ 26.4
H.R. R/min. 151. 8 117. 6] 123. 6/ 136.6

C.V.P. mmH,0 2.2/ 194. 4| 244 | 262.6
60 B.P. mmHg 124.1) 22.4 13.3 14.0
H.R. R/min. 165 | 150 75 69

* JPPIL: Intrapulmonary pressure increase
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Table 2. Response to graded lung inflation after

vagotomy
200 N
Sec. ‘\}\\ ¥ vaso
IPPI* } Resp. 0 10 , 20 , 30 S~ STmanmassm SRRt
150}~
C.V.P. mmH,0 | 3.8 210 {2102 231.2 ’ %\ .
10 B.P. mmHg 152. 2! 7471 84.2/ 57.9 e aoieer
Gombe)l R Rymin. | 207 | 171 |17 | 177 @ 100p 301021
C.V.P. mmH,0 0 | 268 | 306 | 304
50 k-
20 B.P. mmHg 145.7, 61.4f 50.5 47.1
HR R/mm 198 168 177 180 “30m TTTTa--- 20 vaAGO
— ___ 30 VAGO
- SIS —"" 30 iPP|
C.V.P, mmH,0 —4 1206 |23 | 290.6 ></ 2o ot
30 B.P. mmHg 135.9] 46.9 35.6 33.4
H.R. R/min. 165 | 174 ) 177 | 180 JUp 10 vaso
C.V.P. mmH,0 —31278.6/ 280 | 281.2 o 200-
40 B.P. mmHg 135.5] 43.7] 32.1 29.3 =
H.R. R/min. 174 {174 | 186 | 186 o
CV.P. mmH,0 | —12] 266 | 288 | 330
50 B.P. mmig 1290 40.2{ 20.9{ 25.5 100k
H.R. R/min. 165 (174 {177 171 i
A
C.V.P. mmH,0 3.8 258 | 293.4] 400.6 2o 30 sec
60 B.P. mmHg 152.3] 39.5| 27.2| 25.4 Fig. 1. Response of C.V.P, and heart rate to graded
HR R/min. .- | 168 | 168 |171 | 174 lung inflation (10~30 mmHg). .
* IPPL: Intrapulmonary pressure increass.
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Fig. 2 Respo‘nse c:f C.V.P. and heart rate to graded Fig. 3. Response of Art. B.P. to 10 mmiig IPPI {anes-
lung inflation (40~60 mmHg), thesia: thiopental+sod. barb.). -
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Fig. 4 Response of Art. B.P. to 20 mmHg IPPI (anes-
thesia: thiopental+sod. barb.).
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Fig. 6. Response of Art. B.P. to 40 mmHg IPPI (anes-
thesia: thiopental+-sod. barb.).
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Fig. 5. Response of Art. B.P. to 30 mmHg IPPI (anes
thesia: thiopental+sod. barb.).
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Tig. 7. Response of Art. B.P. to 50 mmHg IPPI (anes
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— AW 2R A 3 A 23 1969— 97

200} ®
@ BEFORE ’ x
X AFTEN VAGO,
»
©
P
150
® o
* :
2
-
=
®
. a
o %]
m~. -
100} 4
= >
Q0
< E/.
I’(
L]
L]
50 |~ i /
U
\ \x
x e
%
o
8'\\,3 ol
- x
L 1 4 \ | I L
o] 10 20 30 40 S0 GO
SEC

TFig. 8. Response of Art. B.P. to 60 mmHg IPPI (anes-
thesia: thiopental+sod. barb.).

OIS 8k: 60mmHg IPPI Bl AL &3 &
Adtgl o AEMMYIEIKS LHEEE IPPLE M ¥
she] 30 B Z0EZhe] AARCGE2HE F=2).

VAGOTOMY

FiREESJe] 10 mmHg Y-8} 60 mmHg 7+ $gh0nA 2 =}
60 B BEMEEEE S RETMBYEIEY 27§ o
2 B2UL 8 FRE FI3~8EFA nE vhe) 2Th
Bl o) RERES 30 BORS Ml MEESEN-Y 1330
oA 7hA B TSkl = 30 B Al bradycardia
2 wold 60mmHg IPPIRES B/Mslne F4 50~
60 Fholl A E#H o2 355 gleh

FHPEE R B LIRS BE 2 L #EE A
44 o T g3kl & phase HB EHiE BRARA F9
BEloll 4 xo)x nle} o] phase 1S EFBHRKIMEEIH,
phase 2= FEAEEE N #H) bradycardia ¥ inEERIA
FEHAS #Rshe, phase 3 & FFAEEINBRRERT KME
o Babe g Jeblm glor phase 4 & HEAE
) sk Aotk

9 M A BRA wkeb el 40 mmHg o) FHRER
B bradycardia ¥ rmBS TRz Hacste] REME TG
%o 2AL B Fx 9w EEMSYERE O
8 wEel MR ¢low mETHRS HRHsL B 8]
dee ¢+ Aa

WPEES AR @mAR ¢ BERmEEe] e &
phase B2 #stel & Fle % 10ENA e viet 2
=

Low IPPI (10~30 mmHg)o]| 4] & phase 2 reflex tachy-
cardia 7} }Eb <= ¢l4l 3, phase 4 ol 4 overshooting o]
Bjgro] Bo] e, high IPPI(40~60 mmHg)dl
A% phase 2 paradoxica) bradycardia 7} WERd 4 1o
©] phase 4 o] 4 overshooting o] §1-go] HAo[rth

Fig. 9. Effect of vagotomy in response to IPPI (40 mmHg IPPD).
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Fig. 10. Art. B. P. response to graded inflation pressure.
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F 10BN A 2 vkel 23 low IPPI(10~30 mmHg)d]
AL phase 2 reflex tachycardia 7} §l3 phase 4¢j]4]
olu}, reflex tachycardia = JFHREEIE
fnel A L] BB & 0358 sympathetic activa-
tiong FEEets] sgoleh 4s= IPPIA Adsld
P23 bradycardia 7} A]<4-=]w] phase 4 ¢f] 4] 2] overshoo-
ting 2 FEEE 3R
return o] =17 @7 A Eol ok
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e WENY FA S Eelel 44d.

Phase 4 ¢f] 4] overshooting 0] ¢ -&-& high degree lung
inflation 9] Exlo]™ o] sympathetic reflex o] FR%+
B % kel ol ke A o]k Bl R
#y o] (EA= 9= = lung inflation o] frd #ell =
w249 poolingo] &= g7 = EoH.

Centra! sympathetic supression ¢] Z}-8¢] Vel A

& corpus callosum ¢} genuZ Ee]#I ¢l= cingulate
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RO BIEmE-S KETHEUIET frast Mo #ZE
7b @A ek ggkm HIRES 10mmHg -8 60 mmHg
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myEins heA —EshA geh LEEE IPPIY
arld B4 EAORer HEMRTIEIRE FIEEel
g

2) Lung inflation ol =t} EHHEME-S- phase 2] 4]
Db T WIEMIREIETHS] phase 26 A& MEERAE
o] kMG A A Fakeh

3) Low IPPIW: BhHRMUEES] S#EpoFAr-E fiES] lung
inflation o] H:3}e] phase 2] 4] reflex tachycardia 7} gl
<] 31 phase 4 o] 4] overshooting ¢| & ] 3+ t}.

4) High IPPL#% BHIRIMEES] #8hF4-2 phase 2e]A
paradoxical bradycardia 7+ W-E} ke = phase 4 of] 4] over-
shooting ] ¢1¢lch.
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