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Variation of Cardiac Qutput and Blood Pressure after
Flooding Water into Lungs

Sung Doo Cho and Kee Yong Nam

Department of Physiology, Seoul National University College of Medicine

Seoul, Korea

Cold (0°C) or warm (25°C) {resh and sea water were flooded into the lungs of‘ rabbits through.
tracheal canule. Respiratory arrest ensued in 19,5 minutes in the warm fresh water flooded rabbits
and was the longest survival time among the experimental groups. The survival times in the other
groups were: 2.32 minutes in cold fresh water group, 2.75 minutes in .warm sea water group, and
4.57 minutes in cold sea water group. Cardiac output was measured by means of T-1824 dilution
technique after 2 or 3 minutes of flooding in 27 rabbits. Blood pressure was observed by mercury
manometer throughout the survival time in 40 rabbits,

The following results were obtained.

1. Cardiac output in the warm fresh water flooded and sea water flooded animal was smaller
than that of control rabbits. In the cold fresh water flooded animal cardiac output was greater than
that of the control animal.

2. Time constants of T-1824 dilution curve of experimental group were elongated than the normal
curve.

3. Central blood volume showed an increase in the fresh water group, a decrease in cold sea wa-
ter group and no change in warm sea water group.

4. In all of the experimental groups arterial blood pressure showed an abrupt and great variations
after flooding of lungs and lasted about 30 seconds. Thereafter, arterial pressure remained at a pla-
teau level until the sudden fall to zero and this was almost coincided with the time of respiratory
arrest. The plateau level of arterial pressure in fresh water group was about 10 mmHg higher than
the control value, and it was lower than the control value in warm sea water group. In cold sea
water group the plateau was made up by fluctuations around the control value.

5. Osmosis of water through the lung alveolar membrane occured in all animals. Fresh water
caused hemodilution and sea water caused hemoconcentration. .

6. In sea water flooded animal more volume of water was recovered through the tracheal canule
than the volume injected into trachea. This was interpreted as the consequence of the shift of water
from plasma to alveolar sac.

7. Relative weight of lung was greater in fresh water group than sea water group. In all animal
lung edema ensued.

8. The mechanisms of cardiac output variations were discussed.
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Fig. 1. Preparation of animal.
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Table 1 Cardiac output in normal rabbits N=7
Body Het. Plasma Cardiac output Dilution curve ‘C belr;f)rdal  C.B.V./
No. | weight . flow ) (ml/kg/ Appeara-| Passage| Re-cir [Peak Co-l _ 1 0o B.W.
(kgd (%) | (ml/min) | (ml/min) min nce time]| time time Incent ti-| o (ml/kg)
(sec.) (sec.) !me(sec.)
1 1.74 45 110.2 195.8 112.5 2.6 10.1 9.0 2.6 20.2 11.6
2 2.05 35 106. 5 160. 3 78.2 3.4 17.0 14.0 2.5 19, 9.2
3 2.17 49 93.2 176.1 80.9 2.8 16.3 11.2 3.6 19.4 8.9
4 2,30 39 108. 4 173.2 75.3 2.8 14.5 11.8 3.7 213 9.2
5 2.00 38 128.5 202.3 101.2 3.4 15.5 11.2 2.3 22.6 11.3
6 2,00 40 109.5 177.8 88.9 3.3 15,1 10.5 2.7 17.8 8.9
7 1.90 45 97.5 172.0 90.5 2.8 13.9 8.5 2.6 24.4 12.8
Mean | 2.020 49.0 107.7 179.6 89.6 3.0 14.6 10.8 2.9 20.6 10,2
S.D. 0.185 11.1 14.5 13.0 0.3 2.2 1.8 0.6 2.25 1.5
S.E. 0.070 4.2 5.5 4.8 0.1 0.8 0.7 0.2 0.8 0.6
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Table 2. Cardiac outputs, time constants of dilution curve and central blood volumes

-in normal and water aspirated rabbits

Het inlj?e}c”fi on|  Cardiac output Time constants Central blood vol.
Group (%) | time ml/min ml/min/ A time' Pa time 1Recicl timel Peak ml ml/k
(min) ! kg P time g
Conroly | 42,0 1794145 89+13.03.04:0.3 14622 10.8+1.82.940.620.542.25 10.2+1.5
Warm fresh | 53 5 3 09 | 134423.3 6611 26.241.9) 20.047.9 10.5+2.82.941. 4/29.3+7.0 | 12.4+4.0
water group ol 20l .05 .30
(N:S)P . . . -
Cold fresh
water group| 39.0| 1.79 | 240+66.9 119432, 44.5+1.3| 15.8+3,8 11.1+1.84.4+1.2130.646.0 | 15.2+2.5
(N=5) P .05 05 4,01 01
Warm sea
water group| 35.8 1.99 | 1561159 68-14.45.242.1| 24.345.2) 15.542.7/3.941.525.945.4 | 10.9+1.7
(N=5)P .05 .05 .05 insig
Clod Sea .
water group| 39.6 1.85 | 84+10.6] 43+4.2 |5.64-0.5721.4+10.5/18.7+9.. 25, 6:+0.5(16. 4+4.8 | 7.3+2.3
(N=5)P o1 ol {10 <05
Values are Mean+-S.D.
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Fig. 2. Variations of cardiac output in rabbits flo-
 oded with water into lungs through trache-
al canule. Figures are in ml/min/kg.
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Fig. 3. Blood pressure during flooding in rabbits.
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Table 3. Amount of water flooded into and recovered from trachea, lung weight and

plasma water content in the warm fresh water aspirated rabbits

+ F 94

kg Al 3
=3

4 ko)

Body Lung weight Water amount, ml Plasma water (%)
No. weight . Net Afte;' -
(kg) (gm) (% b.wt.) Flooded Recovered aspiration Control flood

3 2.0 12.24 0.61 44 2 42 93. 60 94.73
32 2.4 22.08 0.92 81. 31 50 92,58 93.70
33 2.0 16.05 0.80 60 9 58 93. 40 94.30
34 2.3 15.79 0.67 50 0 50 91.71 92. 96
35 2.1 17.40 0.87 48 7 33 92. 45 92.97
36 2.0 20. 55 1.02 100 - 43 57 92.81 93.53
37 2.0 13.00 0.65 40 0 40 92.92 93.38
38 2.0 15.10 0.71 45 2 43 92.70 93.72
39 2.2 12.3 0.57 40 0 40 92.59 93. 26
40 2.0 16.1 0.80 55 9 46 92.47 93. 64
Mean 2.1 17.0 0.76 55.5 10.3 45.2 92.72 93.67
S.C. 0.10 6.3 14.3 7.9 0.52 0.53
S.E.M. 0.03 2.0 4.5 2.4 0.18 0. 16
P &

— 61



62 —HER - TG o AAS A% U ALY 9

Table 4. Amount of water flooded into and recovered from trachea, Iung weight, plasma
water content and survival time of water aspirated rabbits. Each group is consisted

of 10 rabbits

Lung Weight Water amount, ml Plasma water, % . .
Group : Reor TNer o < ° Surva‘ailn?me
gm | % b.wt. [Flooded| o1 [1° 2% Control | go
Warm fresh water 17.0 0.76 55. 5| 10. 3| 45,2 92.72 19.5
(+0.10)} (6. D|(£14.3)! (£7.9)((£0.53) (£6.33)
P <.0 4
Cold fresh water 14.6 0.72 4.4 6.9 37.5] 92.69] 93,93 2.32
(1. 35)|(£20. 4)|(A5. 28)|(£13. 8)|(£0. 51)|(2-0. 80) (483D
P insig <.0 <.01
Warm Sea water 13.0 0. 62 35. 4 49.6] —14.20 92.92 91.48 2.75
(£1.08)| (£8.7)| (£9.4)| (E5. D|(X1.10)[(£1.92) (0. 866)
P < .01 <.01(Vswarm fresh water)
Cold Sea water 11.2 0. 56 181 27.4 —9.3 93.121 92.29 4,57
(0. 490)) (16.1)] (£8.0)] (F4.2)|(£0. 60)/(E0. 69 (+1.58)
P insig <. 01/<.01insing Vs cold fresh water)

Values are Mean+S.D.

S3E 55.5ml o] g Evl slo 2ie 10.3ml 7} g 993 12%2HE 92.29 %2 A4LT Ro| g rh(P <L 0.
UA Fe] 45.2mlst B B4l WFE At AE AL ZF AAE FE2 T YEALL A4
Ho ol sty FAE 0.76 %A Tl g e %% TE Bl 2ok EF AL Lolvke AR GA 22
FL FAA Wz 92.72%00 At FAFA 93.67 g W AEs % 2E AR AXE Rolyrh o
%2 FAHYLH PO, HhE T8 AR F o Ery FEAD AY Ages HF 19,50
=7t 99l WEel ALz o1 FAEE PIVHT ggage 128 WA B, Sy 4kEY 4
o}, A7 AR B {5 B Aot F

A AFTY T B4 ol RFE ALIA gasg) 2328084 0.833 WA 355L)eE BE
dgstd ek A AEFY 10vke] Ealdl 44 Heonl, Wg wlebEFo] 2,75 2(H9] 1,33 v
FIR gl FT Mdmlolgdenl A& e B L5309 n 2 whbEFL onr dAW (P01
Tl 6.9ml 2 Au 37.5ml e} Bel Bl ZFAW 457 melqeh. zElvh & UEFH A wFEEE Aol
HEE A A9 Hstel AR 0.72% ATR g AR Aole KA gtk F WEBNAE
2 WA TEFE AZAS 92.69 % W15k} 9393  oxmst e Aol AEALY ©EE Ao wtE
%2 SAE RAPRE®EIID. ¥ AEETAAELE 4 E 257 2L Aol 2Ho] HEADY dFE
35.4ml & Fo] FUH Y Er HEe b Frko] o Aot ASE vk
2 14.2ml o] i 49.6 ml o] gl e},

A BFA e AT L Bho) HL 94 e - #
ol 210-4 4%4 %—e- 21?_ + 9% ﬂolui =&+

2+ ’%‘Z}ol—t— =39 ‘.’,Jfoﬂglr/]-, o-]J}-«] 2% 0,62 /)ﬂ]_g ebES dx BEA a9 FYe At o2 g 3
o824 uWEFY Fuck Z Ao gich. WA Ssuge =79 A& Egs 4 12 W5 F2 42
429 gﬂgaoi_o_] o] BL Wt td A Telo] P T AQe 2 AAE AR =g 2eh sl B

wolgleh, & 2Y 92.92 %ol wldted F9 Fol T FUSE TEIEs AE A4S AR Az
91.48 %= 7‘,5_€ Rl th(P<. 0D, & vl EFol 4y FB 22 WA 329 FHErld g A alEel F
Folgk 18.1mlelt 8l 27.4ml7t HEFe Yewz gdR 48T A HEFe] dzTred FPon
A E7Y Fdo ¥y festt Aae FoFe] 9,3ml AFTFAAE BAEE Rolgith FEo| F& ¥l #A
o elzzeh Fshe] FAE AY AT AT Heloly % 3ot FAE WET ulREEEG o mp

0.56 %A Foll Avkx Zgron WA 4uzkkz gzzy  Fol WETAA LNES sl 2d g 3F A

— 6
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kg ek 3h& A 22 e w T-182¢ slMgje e

A% ZH(hgks, 196431 dAlgte}, A4 sy

20.6ml =& 10.2ml/kg 9] g= HE RIL(HFEH,
19649 4G}, )R Bl ARE Fihd T
Astol Fge HTute e A Py 3

Ak F717k 2bfr 2ol dufell EMELR Aol A2

Weol WolGE FAeE JdA 24 AANE A%
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o YTy 419 A A
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2} Colebatch (196Dl ¢j&td & Fogk 59 H

Bulotel 5ol wasigeh HTWYY Ase sl
w34 4% Phatd RAG 34 AT A
ofe} edzlo] SAH ok AFRLY Fohk H43
4 A TR S RAY RL L FAT
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5 & 9ETY F4AE "] 15.2 ml/kg 24 uﬂ
ZF9 10.2ml/kgol vldte] Y5EA =5 de 4
TR A Al el A RAE o] 4dze A
e F718 A s A m(BhKEE 19592)¢) shub
o] o},

AE H4F49 A2 Azk 77t A E2FN vl sk
AR Adg 1l ol EE AJEY HBAQu A
HEFE S 1yl A AEFAAE Az Af A
Aol AL rviebuhr @gteh o AR FAAE M40
T4 ghvke] <kxzk dAE Yo EHA L Wzt
AL ZAgkn HZFEAZE] Aol glgloma TaL
25 AA% Agdtdos F434) stdsts AAE 3
sheh olel gt A4S A A FAYL Pl
9 F7F 4 S 2Wol Ao dehdl slEw ety 4
F 5ol AMA F AETY AA $EFEA) dgo
3 B

A Skl ¥t stz ¥ g9 ﬁf‘m a3
sted ok grh o] AYY d2F B9 dlutRza R v
Fo) 42.0 %416l ¥dled] AP FolHE 25 o]} 3
e AL /‘J% &8 FHE slA obokul vl
el olsb] AHgH(1959a)0] 1k B (1959b)ell Yol Al
stEa Y Hlngl e rs AR dEwe] FoRke] B
2 gEd 2 PRl 7HA Fagt AL Hntra i
Fol v BN A (viscosity)e] Jomm HX 4

B9 Agrel Hoixe Aolet wok,
agvhd Ax A9 29 dvkEad e gl 2
AL A% REFE FAAAE adel Hglo]of
. %&oﬂﬂf ol Aol AR wEF =4}

; 4dFAAE 7

s SR LS
T stdel 2U% G AnE TEE fAR
Ashe AARFE B AR 12 22T A

2k Sk ALE FHels 24 A .
shat) Fobg Aabsld o] dauton ol Film
(Pappenheimer and Soto-Rivera, 1948) F# ¥ 28
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& 9 ASE g 2 o dgy gy

AFAE s O AP A HA SR 44
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o Aat 49 349 345 Aoz oA B Q6D dstEe] dAuc 45 FE U4 FO
5% Rt Fated A% HER 228 zdad A ZE 97 $30] AnBon dol o il ALF
A

ofeh. olgA ue dAF +EF HEE AR HEF  Ash deldvin ek ool A 159 ¥ R
ol 93& Foh _ whelE ol Ax}o] A Swann (1960)& =] BF & o9yl
24 LY T AdE Sttt A B 34 of =astglet.
4 2AE R viEFAAE FastdA gAY F5 FEOIY Al A FFTL £ AATAY A
€ 2AH e AR Sk stz FAA Y A Sol dAEE AR o ol vkt Prh FEOA AF
53 557t olH® HES AAXNE Aolvh FMEHE Aoz 294 AFNRL BUSIE A FFo] deiyt
Afstel 48 A% ol Fo] doind Ro2A AFU & A%l 4G W] Faxi A nuHQw A
FEA A VEE FYL FEL AFL FEAF g QamelAE A $58 bAE B3 43 9E
€ 4AFo2 AR olgshe 22 WA T T go) dage] nuHel olv} (Stead ei al, 1948; FW
7b Zd" Zlold spgtEL AR FEst dake 3 yct%., 1962). ol9h 7 ASE wimAd wAH Az
old22 g dolne f3el AFoRVH HAED g e ged AR AL A FFel v
ol T3 W& Zeleh wthE FdoRE FA TEE Di-‘ﬂ,—o]a}‘— #e Azl vEbd Aste A 7bE =olzt
A N FFE A Adoivh TR aiRET mg. zdy W @A SR QosT nixwt &
AE Fokd Azt FdARE AfelE ARLT gony 15 Yon 4 AT T + Atk ¥
A& e FEFgel FAFRAE 2 Ash A oo A2 A delA skl 2L HFor F4
Aolth, w1 &S FUYF FEANAE olal €L gsie o] W BES oz TEE AR wrEake] gL
F AT et AL FAFF A Aeel e dolek ek Tk A AEE FU
g9 e A% 4EYY RaT 2 2 E78 A uhE2 e seld] Ssdn 98 H R
o AL HEgd Z1E addke A G, 8 wgoal A¥g ms ek o] AR FAAE
1959a), wlE FYFANAE o1 Aelo @A A QAR Y A FAo] AR wEF F4Y F g
gk zhast vebydeh 2Ed E FYF e @ Jq_olo 2 4A4=
HeBEold Rastdid oA 99 delsh A Aokl A4 ARFAA dold V& aoFad o
Qe delvh B WETNA AT HEF] FAR A z;v} He MEEE AE A Agden ol @
g A4 oA wdolnt ¢ + 97 oz o Eael WA 42U THE 2AHRA A
ol 4l AL Edhel A AEFY AF 49 4 T oAUk WA 19588 4E AL T A
et ok nZslA] Aol oyl AL H T z zrRch 10mmHg 1% ¥& && AF fAMAZ
ool 2o, BAL Weige] WE, @y w2 mr AT $EFE dEIad Adch T4 AFE I
4, dulezd v me] Sulo gl Anje] Bt st gor e HAZTAY A At dbdem
E3oe Aok, Adsgleh, A& NEF AL EFL A2TAY
o 7] o] ,q]ﬂéo nR el ol A2 2o A wara Bl F7HR AcleA o A 44 AT el
= Aol & Aol A A B AYGER, Bolgk Aojglou 1 HAL & T Uk At %‘70"
A, 1964)01] gaha sAste FAA EAL AL o TEPI T AU ddes AAsged A 5
A AAs e Aol A4 EAY szt FA n Fol MAR dobe 4AHE ddels =2F 732\%
o YA A% Aolgdeh dAstel BE ol webd & FEE T AT AL 2224 Food I W
e 579 A%hE SARo v A%A del AT VR ol dF FAsd gon dgu Ty 2
To Autas HAF 2L A Sol gom szl ¥ @ Foh Adx 4R A2 AT AF F AF
St BASA SAR9T AnAoz A i & FUT Adel FFR Lok
olub HEY o AfdE LEA £F % H et dheb RS Hulel Few Fo] dAo2NY HE
A 9L wdETAARY £ T »l"‘il Y o 2 ol Fste ¥4 g 4% MASE 3F A
232 Ausiged = 1@14 shdo] Mol it wpgkE  E 275E(HE wRtE) By 457 EGE AR 4
o Faglel vebutgleh, v o%-’LH uishol] 2hhed of yeh =t Al ok AEFEG Hged &
L o]2% g= Ao Halmagyi (1961)E &S F  A¥ geigpe Az 24 Relgh. A HEFL
Q7 A8 sl AL WEIF GG wrE S A4 AEE nelglen B Hele TF AAS deive

oolat 5 Baa 5 LFo] YEgthn @tk Redding Aol A o= Aelgsh £ F& wohEol
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34
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Qgieh
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3. A ddge qEFdAdE =78 Helgm
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A wgbst glgeh

4. TF AAE FZ2 F AL ABL B ABF
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& AEHIL 2 Fo &2 7k SRS
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