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Local Blood Flow in Acute Respiratory and Metabolic
Acid-Base Disturbances in Dog

Sam Hyun Kim, M.D_,* Yung-Kyoon Lee, M.D..* Woo Kyum Kim, M.D **

The influences of acute respiratory and metabolic acid-base disturbances on the carotid, renal and
coronary blood flow were measured in dogs.

Respiratory acidosis was induced by artificial respiration with 8% CO,-O, gas mixture and respiratory
alkalosis was induced by hyperventilation under the control of respirator. Metabolic acidosis and meta-
bolic alkalosis were induced by intravenous infusion of 0.3N hydrochloric acid and 0.6M sodium bicar-
bonate solution. To observe the effect of hyperkalemia, isotonic potassium chloride solution was infused.

CVI electromagnetic flowmeter probes were placed on the left common carotid artery, left rneal
artery and left circumflex coronary artery. Each flow was recorded on polygraph.

1. The carotid blood flow showed rapid showed rapid and marked increase in acute respiratory acidosis,
Even in the cases when arterial blood pressure was lowered during the state of respiratory acidosis,
carotid blood flow increased.

By the infusion of hydrochloric acid, carotid biood flow incréased slowly and returned to the previous

lebel after discontinuation of the infusion. Carotid blood flow also increased by the infusion of large

amount of sodium bicarbonate, but it might be the combined effect of expansion of extracellular
fluid and compensatory elevation of carbon dioxide tension,

2. The renal blood flow remained unchanged during the acute acid-base disturbances, suggesting effective
autoregulation. Renal blood flow, however, increased very slowly when the infusion of potassium
chloride continued for a long period.

3. Although less marked than the carotid blood flow, the coronary blood flow increased in the acute
respiratory and metabolic acidosis. In asphyxiated condition, coronary blood flow increased most
markedly and this might be the combined effect of hypoxia, hypercapnea, and lowering of pH,

In summary, the carotid blow flow showed more marked change in the acute respiratory and metabo-
lic acidosis than the renal and coronary blood flow, Respiratory and metabolic components of acid-
base distrurbances may influence the local blood flow concomitantly, there being more differences in
the individual responses, but respiratory component manifested more rapid and marked effect than
metabolic component,

A S of sl et Fre sehmal

* Department of Thoracic and Cardiovascular Surgery, College of Medicine, Seoul National University

** A g S of s < 4o gty
** Department of Physilogy and Surgery College of Medjcine, Seoul National University

- 101 -



M =

HAYFHol 4TS Fv 84+ FHEL, AWES
FANG, HasHe HH, "X HAYFolth ol F
Ao WAL AR o dxHgor 24
g S atel] o) AnlEtA uk-gEteh Ak o€
el WX Qe HAagYe] Ay g F4
9 4FUs o) Peo, 3 Pp,. 29 o9& YW
4 oagde] FaAgez dojurh

53] Poo, o 25 MUl A% BHEIANS
Gz Peg, o WAL 3 £2ES YckBetz
E. 1972 : Lassen, N.A.1974) . P COZQ H 3}
7t A48 HY*F= #HE & 7tH A CO, 8 a7}
pH #3l% FAlste doj x| == CO, 9 A HAw
o)z Hm3x| olr} (Lassen,N.A., et al.1976). H*
E g g4adst e, pHAH L2 gfa Sohet
pHOEZ dF8 st =g HY e 3t #4a
vh= d3el g AdH Fazpger Holvt(Beiz,
E.1972). Pg, o Wsts a5 A3 8ot
Pg, o @eiAn ¥usge Poo) L2 o Yt
%22 9 271t} (Busija, D.W. , et al, 1980) . 543}
< A7tzAel Freixe] o Ik 53t B2 ¥
Foo) WS} 9le AekE wMad A4 FFYE F
Z| g} (Agnoli, A. et al. 1968 ) .

AYFEe AF2EL ohd Yoo vlastd #Ydr
Hol| £3lxjul o} 2 (antidiuretic hormone )%
© dEzH 2o o8 R, 56 APk Wy
glc} (Ochwadt, B . 1961 : Thuran, K. 1964 ) .

AL AN = haBgo] 228 ol 4slela
A 2z, A4e A7 FoAYE A%
o] Holx Aok s A Waket volrbd = 3
AP Fee el o AjEog Adg g A
Holoh Y FRL 2N L4 & o Fugta, wr)
% B@7 4788, 49 $55 % ohde) Fara
58 $84 9907 o eS ubizch (Feig, E.0.1983).

oAef 3d 89l 7AEd Py, . Pcp, o HE F A
£ mE FHbdFA) a4 Foo) F7kse (Sch-
aper, W. K., et al. 1963 :Xhonneux,R., et al. 1969 ) ,
FT83 IR AEHEA oAl Hgdel disle]
< A7 gl

AT AREFS Y Yol Relew i, A4

ad 23 A AAEFF FohE ojd A w4
of feld AL WolAH AYH o BAFAL UA
AT bl A Al YFA Iz ey &
¥ (reactive hyperemia) 3 42 & 4 9|t} (Berne,R.
M., et al.1975:Coffman, J.D., et al.1960 ). Pco 29]
d5 | B4 FYF S CO, AR =1 pH
of #h7}st dgsle] thehdthnE g} (Berne,R.M,,
et al, 1979 ).

A ARz oleldh g3t Qole wE FAYF WS
27 Hoted A=A FHE AYH R fushn ol
Hed, Ao, e g5 dikE: Aaeid

2 AelAE -9 BN E 2A oL ohod, A
ol o3t g2 Aty At FHEY Po, &+ 4

AF 11-16kg o) A 167te] S APFEEZ o] Nem
butal (30mg /kg ) 2 whF|stz, $-& 7 A9 polyeth-
ylene 7Hell B & AFlshsd ok A Aol A& A= 7)) g
T EH AYH A5 T2 4E YL FYsdz,
AEdel MdAs FHAEE FHY G JHsr 2 B}
3 Statham 3 21 3l 7] ( pressure transducer ) £ 7o
Sted polygraphel H<hg 7158w sAtstH ek A 2
& o fakA o] BAPY = (probe electrode) & & AE
o AgE A #E A AAStych 78
Al A= CVI electromagnetic flowmeterol| o7 él=
o] & polygrapho| 97 ¥ fFa& > 5skct, s
U8 pH,Poo, 54 dAdl FIHE HHAY
o 8% Na* K" 55 45t

A A o] A 3060 7o A thEs] Fel
g dANEE AHstn, FAsR] 271 7hebo
AYS Adstach A 1 2 A}VE, A 2Ee A"
AFTF, A 3T HCI R T, A 42 NaHCO; +
o, A 57 KCI Foddog vyt 23T
1% ME2} (cannula ) 2 49)et= 3.8>) (Harvard
respirator) & AZste TEFEH A LFFE F7HA
A 1-2 A7kt A EE7Y Poo, & 20mmbg o]t
2 FA=A sl 2eta 52 8% C0,-0, E3E7
S ZEolel odAHste 1-247F 3EAR . o] Fol
A &Y darrd 2%t FHEe Po, & 150
mmHg o] 48 FASEE st KCl o Foff w5t

= 2-3A7)0 0.3N HC1o® 10mEq/kg W2
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Fq HIZE Eodlga, NaHCO, Fof Foll ofdh=of
0.6M NaHCO; & 20-30mEq/kg® %% 2-347 &
o} &ol3tgch, KCl 7972 80mgEq/L&¥%& F49
st APEFY ¥4 pHo ¢S HAShEA F 7
K* 555 413 =3k
].‘JH,PCO2 , PO, ,Nat K+, 4%3
Py, & Corning pH,Pcp,. Py, -meter & 377 ofl 4
24359 2 HCO; =5 C0,9 £ Al 0.0301
2 3}o] Henderson-Hasselbalch 4ol 2]3}ed #] 4kt o},

=57 pH, PC02

Aol Nat Kterr B%E354 (Corning flame
photometer ) 2 &Astg or, 454 Ty 45

A (Fiske osmometer ) & &4 3} o,
Ay MY

A Aok A-drEy A Aol dle| pHPCO,
HCOZ ,Nat Kt 5% AgdAE 4l 1 Holl XA
.

a2 Ao dde
nM,HCOj; = 16.1mEq/L, PC02 29.3 mmHg , PO,
90.0mmHg o] ivh, 28]z @29} Na't FEi= 146.3
mEq/L,K* ¥ %+ 3.3mEq/Lol et ofel wiste] A3
A A -92 g8l IR TR YA FE 7

pH7.33,H* &k 46.5

o ey
y -

A2 O
TR,

O

T

& 7 @4 pH 7.48,HYF% 34.7nM, P, 14.7
mmHg 2 ¥3lslaleh 8 % CO, 2722 DFA44F
& $ugl & pH7.07, HY 90.4nM, Pgg, 50.8
mmHg 2 ¥ 3lslgz HCO; o 5%+ 18.7mEq/L ©l
Aot HCIFdeor dAtdass #4440 £ & pH
7.15,H* =% 71.10M,HCO; ¥% 9.4mEq/ L2 #
B9, NaHCO; & Fqste Ak 47t 3-8 /Al
7 2]+ pHE 7.40,HY ¥% 41.5 oM, HCO; T %
23.1mEq/L 2 9 3}slal o}

A 189 A4 dEzF 4AHAA gzhel 437 A¥
Aol Uk, IFAH 4-dr] "I E fUgh Lol 4
Pg, £ 25 150mmHg ¥ d3on, & Tol 4= P,

5

80mmHg o)3te] A 44F 442 Yt

23 12 Yol TUHLG ofelle] 2HF HFH HFH
2 71&3% Aojeh, IFI CO0, EFF2E A A A
RS FAAAch FFEL 170mlmin FEo) U
7o) H&HES fFu2-3 £ ool dFo] F53
Z7}8le] 380ml/min G-Fo ol2Fth olE 304E F
of Mz B33t IEste= AP Holn, 0, &
g% A A oA Haez FEsHl s

[}

HerdE ft2 598 Pog, & 36mmHgelx 30
B %) 50mmHg E AHFSIE A, EHE Y 170mmHg

oA 125mmHg 2 23l RolAsl 1ddx E1ota

Table 1. Changes in Acid-Base Parameters of Arterial Blood in Acute Respiratory
and Metabolic Acid-Base Disturbances.

No.of Poo HCO, at Na* '
Does mml-fg mEq/L nM mEq/L mEq/L
Control
M 7.33 29.3 16.1 46.5 146.3 33
se 14 0.02 2.26 1.17 1.98 1.44 0.15
Hyperventilation
M 7.48 15.2 14.7 347 137.8 3.3
se 13 0.04 2.58 2.94 3.34 8.88 0.22
Hypercapnea
M 7.07 50.8 18.7 90.4 150.6 3.8
se 13 0.04 543 1.74 8.24 0.46 0.24
HCI infusion
M 7.15 24.7 94 71.1 1384 4.2
se 11 0.04 2.22 1.43 6.88 4.24 0.21
NaCHO, infusion
M 7.40 389 23.1 41.5 142.9 37
se 6 0.04 2.12 1.73 3.84 22.38 0.53

- 103 -



Blood n'
Pressure
tmmHg)
Pes
- .f '—"%

oo,
50 ml/min

Hypercapnea

Recording of left common carotid artery blood
blood pressure

Fig. 1.
flow (below) and arterial
(above) before and after hypercapnea.

HFeko] Eoldd AEUS FAFe] 2A o A
& Arlste] A4 f3 279 A4S S5 A
€ SHEYS gRFo] A2 F8E HYch

232 94 FHEY A5 AEAERFE S
g Aol oldelx FHtds AR ol ok F
oupAel 23 13 Egol F w2 FHIGL: 2
13 o] AebAF FE ok welx|Axl, 4 Y
HFFe Axdt 288 ZaAJdrt A3 Ao
3B AY %7t FoEtg e 53] dFEe Hutdde] |
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Fig. 2. Recording of common carotid artery blood
flow (below) and arterial blood
(above) before and after hypercapnea.

pressure

2YIE A5 AFUY ARAE Fel meE 9F
%9 Wsjolth ofulolE SHYFL ZashA et 25
YRFe T3 2SR oF 20 38 Fol =
s 2alat, 0, 87 FEE BoUz 9o H4E
o4 HAHE B F
Aol met sekidFol A5 YHgel v g ol
o gz 2ot durdes AN AEY ATl
2715 ol UYL AsHE X 4 A+

Aoz

FuYe) Pog, $ES ko,

Blood
Pressure
{mmHg)

Flow
{ml/mir)
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Fig. 3. Recording of common carotid artery blood
flow (blow)
(above) before and after hypercapnea,

and arterial blood pressure

Flow

(mUmin) _(mifemin]

Flow

0INHCL infusion

Fig. 4. Recording of left common carotid artery blood
flow (middle), left renal artery blood flow
(below) and arterial blood pressure (above)
before and after hydrochloric acid infusion.

2y 4 92 ASRER #F A5, 45 4F
o ¥5-2kg FA3 zleioh 0.3N HCI-S g4z} Hlol]
AA FYsh= F9F F9Y pHE 7.380014 7.08 2

Hol Az, HAM A4S R T84 LUl o
Pco, © 30mmHgel 4 25mmHg 2 "ol At o) 7
Y ¥ HA F7tste] 150mlminell 4 350ml/
min FFof ol 2 o} oluf FAHE o]Huty W-Fol

o, wit A5 ERFT 719 g4 Holw X
st 2 W3k of gl

23 5 dAY gvtelE A #& A 85,
A& A5 gHek velE 2ektd, 0.6 M NaHCO, &
3EAZ) wtell A Q) ol whet FWE pHE 7.25 o

A T.56 08 Etor, TE4 HAguSor Fuly
PCO 2 38mmHgoll 4| 45mmHg & g}, o|= BE
W §Fekl 154 ml/minel A A& Fobx 300-320 ml/
min®] FFell oj2F e HY 59 #4rl d/z9 %
ste St e Bme B3 oyt o] ojmlE i
o] 3ALeS FQ ol w2 4 ER (extracelllar
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Recording of left common carotid artery
blood flow (middle), left renal artery blood
flow (below) and arterial blood pressure
(above) before and after sodium bicarbonate
infusion.

Fig. §.

water ) 39| $7boh £94Y Poo, 25§ ¢aq
o 7l A=Y Aol

28 6L 0.1 M KCl 84S Zq3ie Yo A S
W YRS, AARFE Sech FAGel A KCL
28e Fg w ¥F Kteerl Hx Erka $Y9

2o AW Frdel AA T BEE X4
levt BA7e Il oAl FHoz HEHD &
sl 47k F2 L& FASU ol sk AEF
FE K+ 5Eo] Z7be} v¥o] a7kl 2o A et @
Fapol F7bsHe R4S Baleh
Blood “ : | - -~
- - -
Carotid
Flow o
x* -84 - LL‘:
Renal s ' - ” 3
Flow i - .
min 70 B

g.ISM KCL inz'ousion

Fig. 6. Recording of left common carotid artery blood
flow (middle), left renal artery blood flow
(below) and arterial blood pressure (above)
before and after isotonic postassium chloride
infusion.

2872 A A3 JAEY 2 F 4= (circu-
mflex branch)el HSg 4AX stz HAEFY & Fag &

A58 o Aea5g uAA Poo, € 29 mmHg ol
4 5lmmHg 2 FHoid #4459 gFag 100ml/
min o 4] 120-130ml/min 2 %7} Zrpsle X5ty
3o A HEAAE Fg Frhe geixA @tk

Blood
Pressure
{mmHg)

{mi/min)

. Coromary

CIR Flow

Hype‘rcapnu
Recording of circumflex coronary artery blood

flow (below) and arterial blood pressure
(above) before and after hypercapnea.

g]
ﬁ.
~

ol ArhibF E3prb ok 2@ ASSHAY 22 2
24 d3t Aol gA AA=A ¢7] HEY Aol
o 28 8% A AAEY ERFEL AEFH Qe 7
oo ok R HatE Ao HCl FYoz v
2 w2A FF S7HE 2l Aol

Blood
Pressure
{mmHg)

CIR Flow
{mLl min)

HCL

Hyperventilation

Fig. 8. Recording of circumflex coronary artery blood
flow (below) and a rterial blood pressure
(above) before and after hyperventilation and
hydrochloric acid infusion.

299 A4SUNA RFL ASH AUTES
BEANA YA Al AYEAE £ Roloh $F
of ekdslx| ghob vha $ARAT YHEN 8 FFo]
EAYGY wsel AF3 o A7 AHE D &
ofubE A% ¥ 4 Atk o) FuUHY By & Fol
A9 Peo, & &Mz pHE 2 Wslshod) e
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Fig. 9. Recording of circumflex coronary artery blood
flow (below) and arterial blood pressure
(above) before and after asphyxia.

27zl ook vmd whadl 33k SHe|mz
Azkel shebd 2 e Eabshrle o Qe

a

]

Al 22 78w = A 44 Chypoxia ) ol o 3}
Vg el o‘}%\} ZA et 28 B2 g d{r) abgtE
m B35z 3ol 4 %A= 2, 44 % (anoxia)

o R A%HAY FolR 4 gl 2AELS ZalPoh

Hy e zHe QAo W el 24
o8} ol FE ok Fad 2 M ubabe alsel 4] A%
o dMEae WA QRA FA TR, ool

24 R EAA S A4 3 B2 282 &
kN "‘3’}"°1 ’5:}"13‘1' L ojH S 22k A
o] R
Elks] "?‘7}]7& LH°J4 £ s Za) gl
ot Cushing ol o3t o] uh&-& A9 Hppedd
of ‘H%}' YA AT oz s
o Ego] "k Hol
5o & WEds T3l o
= ol et et fd e} F

Ae Fadael Auo FLUFES VYT WA
08¢ Pl Sgeh ol FHH @ £ $Holw L
% 27 £59el dgehs M TLAFY &

g zeReh ® Puhg EelAZ e} AFehE A
e2® AzwAe] YFadel Zrkeh 2eiu v
4 ek RS Aolel AE A BRI & 45
4% #d 4+ gk

574 gyol SN CO, ¥Shl oS alFe A
oreim gl Apeleh $Wael Pep,el EobAw A
3 oy pdge Qoxith 9% CO, FFFAF F

PAF fix dFFe 2vl 2 Foldrs Bak e
o, v #3Fel 23 Pog, ° wobAlw H+ El
#eko zbawlc) (Betz, E.1972) . CO, 3= 45 A3
S HEAT Y olvlE Pt HZ A EWe pHEHTF
AF)7] HE el

Pco, o W3t HCOr = pHx Awich dfake

kel A Aok 2% CO, = %4 S
of sh4lal & Qore AEW HY HrE WakA7|A

ok, @oyue] Hsh HCO: &= del . zel ojal %
shslo] #aa 4 gloh oint ¥ 4o HY BRo| 3

7toll w4} ¥ dste] SAE x| Tk urgo] v Aol
433 Beleh Peg, W AEY wR%e %
6};1 g 3A H3A7 = RAE CO, 9 HY 52 HCO;
of @ - AW W YakE A2 Fopel oA
o), 28]z CO, o MEZW pHwsle] 93t ke
selch ghd @9 pHWsHE BRI AHANAT =
glo] HstE Ao AAw dAHskA ¢bsket (Lassen, N.
A. 1976 ) .
2 A3l 4

\

SEA D Y -] Bl B
4 QAbst WA o1t REow Wakehx ohm ¥
@ 0w gal T Aol wel whEel Aol QAT
speb Aol o3} AENE Fapel 2hE B 4 et
W Age A NaHCO, T T g fago] %7}
3 ol i oA el Zoll o3 o)y b AIE

9)oll (extracellular water) 9 57}, 84402 Pcg,

e .‘S:_tﬂ]
S

2.5l of3F WStz Boirh
K*te sl faF Fobe dorld, daprdel KY
Fo) Frheh ydch, Mol #42 KT 5Re

72 ooy il FaAer FEAAR ol
t} (Lassen, N.A. 1974 ) . 2 Aglell = K* o &3}
7b A AgEe AHR g3z Zolel dFHe 3
g 89y} oha] f4ow IEegieh, e S
W8 Fe] x| Zrhate] Kol fejoll oI5k W sho)ch,

AEF D AbFe]stge E 39t 80-180mmHg ¥
Aol 4= B8 ApEF A} o) A e gleh

e sl 3RS ekl AR FAHlE wt
ShA teod, ohit 3 FFFe AP FFLS 4Y
HAnt Folng e, G5 E Gol of3te] vhi W
shale} ( Johnson , P.C. 1964 ) . & Aol A4 AlEd o
Fke ab-oiolahe Gallel A Ao wlshE solx|
ml, Bt A%z 2)5S Bac v naE ¥

4 01- A 7} "ﬂ"‘ﬂ‘ﬂ A fgke] FrLet

A AaAAE FEART W A

ok o
6
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g}, 4] 9| 7] F (heart-lung prepation) ol 4 54 Y 4
23S FolAY cyanide 2 {4 o & A4l
W TAEFELe 500 %7 Z7kd F deos AHE A
Aol % & AHE A% 4 9} (Hellens ,H.K. 1975)
FEol A AgASol dojud AE d4F £ AHAEZ
ol 4 &Fek 275 22 Qlch (Green, H. D. 1942 :Hil-
ton, R. Eicholtz ,F.1925) . E9g AALEE3E
%ut A% A} FaEe IS £+ Ao A2
Foll A dojvs 853 Frhe #A934 FholA F4
off dojupe] &9 oldrle] dojudet, zejm A F
AAE At o] Ay £AEA et o7 u
3t Haltel 49 AP gAE SYA oz oo

28 B8 A& AP AF 7y os AdEw #
HE dodlys Ko 2 AHE $e A et

18Xe Fajojalzel 28 A4FW HF S 4
PCO; o] 40mmHgell 4 100mmHg 2 Z7}3 o] 2 &
$eo] Z7)5t9 27 (Ledingham, 1 . M 1970) ,
steb kAol BAH WS (coronary sinus ) 9] A4 ¥-9)
o] F7kste AL Ao MYPo| s =

., etal.

AN

A TE
=3lct (Case, R.B., etal. 1975) . AEbZG Huksh
W AR Ao Zrhste] @ Fako] 7asteh (Ca-
se, R.B., etal . 1975 ;Feigl ,E.0.1983) . z28i4 CO,
o] Fxzt dxtell g A ARl pH o W, =
Aol Al Y Fol 22 A HAEFE FH

Al A gtk Az R A4 pH = HA4E

Fe Z7HAAAY 2 sk 42 ke 4ed
zA0] glo]49] L o] 2] 4 A8} (Berne,R.M., et

al. 1979 ) .

T Al HER RFLS TY -9 AR A

A5 7% ok qgsh Ws astet Peg,
2E, HC! F9log ¥Fako| Zrsigm A A4, &

3}5}=]

Pg, . Pco, pHO #Wab7t FAlel fubd o & 3ol
V4 aA Frhekd ot
4 2

Aol 4 -G7) T Hall S fdAA HEY, {5"11,
e dFekel WskE FAech LF44E 8
00, -0, £E3712 F4HA st FdA7 3, il,}g
2] 52 A%r)2 fFuAlze. 0.3NHCI & FU35to
A A5 FEAlFlaL, 0.6M NaHCO, 5 F9)3}o
AR gvhe) 38 ARk 3 5 KCL &4 &

Ao Fastel K*5EE Folol nUFYZY A TE

Ak e
CV1 electromagnetic flowmeter & polygrapholl <
Astz B8 I3 AEd, A5, AT A3}
of ¥FFE 7St A4S dFFE FA4Y AT
A %‘M IENE TESHA
. AEY RFPe] wEA w s A W Be e
&' Peo, o Hstels], Peg, 7t Eokd & F99
°J°l ol Afl e AEY FFE A Z73
o HCI 3<) 3ol = @ fao] 443 Zobeisieh, o 2
o NaHCO, Fei%el ol Zrbshe dl7h Al
Y o= MEARe Frt 282 Pog, A ¥ E
= aﬁ Baie,
CAES ARG - ool A wa)

£ Ho|x ¢o} HYT AF2A J5E AR 2
Ay zagESol st Az AgEw Aol
ghatstAl Fohskad ek

3. 3 EREE 4 -97) Bl AFTE EF

& wisteg =l 7kshA ‘*’31}3}2] %skeyt Peo, £,
HCl 9] o2 ¥ 37138z, 24 44 % Pg,,
Pco, pHR 37t FAol s o) d{go] 7+ A
aA Erstal

olger w4 A-9r HHA FTLIFFY W,
AENYFob A5 g B4Ee I 5o g2 o
S5 Bold w4 TEA4TAA ERFVPH A
o g A -] Belel A T2 FEe] dele SE4A
AR} ALY A} BgH or LB E A w
w uhg-o) 3ol & Ho|ut, TEA QIxZF Heb Aol
2 g wWakE Zaleiglet

2
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