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Cadiorespiratory effects of isoflurane-anesthetized dogs with closed
chest during spontaneous two-lung and one-lung ventilation
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Abstract : One-lung ventilation (OLV) is the isolation and selective ventilation of one lung field. OLV allows
the collapse of lung lobes on the side of the thoracic surgical approach to facilitate observation of
intrathoracic structures and to achieve lung immobility. OLV be achieved by endotracheal intubation with
double lumen tubes or bronchial blockers. In this study, cardiopulmonary consequences of two-lung
ventilation (TLV), OLV and Re-TLV (TLV after OLV) were evaluated in 5 dogs. The dogs were anesthetized
with mask induction and maintained with isoflurane in oxygen. Tidal volume and respiratory rates were set
to maintain end-tidal CO, at 40+2 mmHg during instrumentation. Following instrumentation, the dogs were
placed in right lateral recumbency and induced spontaneously respiration state. Effect of TLV on hemodynamic
and pulmonary variables were recorded. Then, the left bronchus was obstructed by endotracheal intubation
with double lumen endotracheal tube to achieve OLV state and recording was continued. After OLV, double
lumen endotracheal tube was extubated, and standard endotracheal tubes was intubated again. In this study,
spontaneous OLV caused significant decrease in PaO,, arterial oxygen saturation, mixed-venous oxygen
saturation, and increase in PaCO,. Especially, a significant elevation in PaCO, and respiratory acidosis were
remarkable findings. So spontaneous ventilation in OLV affected gas exchange and hemodynamic function.
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Table 1. Mean+SD values of hemodynamic variables in
isoflurane-anesthetized dogs with closed chest
during spontaneous two-lung ventilation, one-
lung ventilation, re two-lung ventilation

Variable TLV OLV Re-TLV
HR (beat/min)”  114£7.9°  146.5£10.9° 139.8+19.5°
SAP (mmHg)  1133£12.8 104.3£50.9 113.511.8
MAP (mmHg) 91.2+13.6  81.5£8.0 86.7+8.7
DAP (mmHg)" 78.6£8.9°  59.9+9.0° 68+9.5"
CVP (mmHg)  35+25 5.7+3.1 3.5%2.1

TLV: Two-Lung Ventilation, OLV: One-Lung Ventilation, Re-
TLV: Two-Lung Ventilation after One-Lung Ventilation, HR:
Heart rate, SAP: Systolic arterial pressure, MAP: Mean arterial
pressure, DAP: Diastolic arterial pressure, CVP: central venous
pressure.

*: a significant difference (P<0.05) between all group. Common
subscripts are not significantly different from each other.
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Table 2. Mean+SD values of pulmonary variables in
isoflurane-anesthetized dogs with closed chest
during spontaneous two-lung ventilation, one-
lung ventilation and re two-lung ventilation

Variable TLV OLV Re-TLV
RR (rate/min)’ 28+9° 43+10° 61+6°
FtCO, (mmHg)  43.6+54  54.8+10.8  47.9+6.0
PaO, (mmHg)"  571.8+34.3* 214.8+57.8° 483.7+82.1°
PaCO, (mmHg)" 38.5+3.1° 51.3+10.8" 44.6+5.4%
Sa0, (%) 99.9+0 99.5+0.6 99.9+0
pHa' 7.37£0.017* 7.27£0.059° 7.32:+0.030°
PvO, (mmHg)  106.8+31.6 758+62 1122+44.96
PvCO, (mmHg)" 41.8+4.1*  552+11.0° 48.7+5.8®
SvO, (%) 963+3.0  90.7£22  95.4+3.5
pHv 7.35+0.015% 7.25£0.053" 7.29+0.029"
HCO;5a 22.57£1.35 24112231 23.31+2.03
HCO5v 23.29+1.75 24.83+2.56 23.84+2.04

TLV: Two-Lung Ventilation, OLV: One-Lung Ventilation, Re-
TLV: Two-Lung Ventilation after One-Lung Ventilation, RR:
respiratory rate, EtCO,: end-tidal CO,, PaO,: Arterial partial
pressure of oxygen, PaCO2: Arterial partial pressure of CO,,
Sa0,: Arterial oxygen saturation, PvO,: Mixed-venous partial
pressure of oxygen, PvCO,: Mixed-venous partial pressure of
CO,, SvO,: Mixed-venous oxygen saturation, pHa: Arterial pH,
pHv: Mixed-venous pH, HCOsa: Arterial bicarbonate concen-
tration, HCO; v: Mixed-venous bicarbonate concentration.

*: a significant difference (P<0.05) between all group. Common
subscripts are not significantly different from each other.
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Fig. 1. Change in arterial pressure of oxygen during TLV,
OLV, and Re-TLV. TLV: two lung ventilation, OLV: one
lung ventilation, Re-TLV: two lung ventilation after one
lung ventilation. Each symbol represents the mean valve
and SD (n=5).

Table 3. Mean+SD values of cardiopulmonary variables
in isoflurane-anesthetized dogs with closed chest
during spontaneous two-lung ventilation, one-
lung ventilation and re two-lung ventilation

Variable TLV OLV Re-TLV
PoO, (mmHg)"  628.1£10.9° 590.9£19.2° 596+12.5°
C,0, (mL/dL)" 2740.0° 25.8+0.2°  26.7+0.2°
C,0,(mL/dL)"  24.8+0.6°  23.4+0.4®  24.5+0.8°
CcO, (mL/dL)  21.6%3.5 215435 215435
0, ER (%) 8.1+2.3 9.142.0 8.1+2.8
A-a (mmHg)"  54.2+33.4* 378.7£66.5° 107.8+65.7°
Qs/Qr" 0.3£0.2* 4.1£0.6° 0.9+0.7*

TLV: Two-Lung Ventilation, OLV: One-Lung Ventilation, Re-
TLV: Two-Lung Ventilation after One-Lung Ventilation, PAO,:
Alveolar oxygen tension, C,0,: Arterial oxygen content, C,0O,:
Mixed-venous oxygen content, CcO,: Pulmonary end-capillary
oxygen content, O, ER: Oxygen extraction ratio, A-a: Alveolar-
arterial oxygen difference, Qs/Qr: Shunt fraction.

*: a significant difference (P<0.05) between all group. Common
subscripts are not significantly different from each other.
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Fig. 2. Change in shunt fraction during TLV, OLV and Re-

TLV. TLV: two lung ventilation, OLV: one lung ventilation,

Re-TLV: two lung ventilation after one lung ventilation.

Each symbol represents the mean valve and SD (n=5).

AR Aast HA ¥ AU d A (venous
admixture) A& 10%, 2 5% =5 U9
Qﬂ%ﬁ%lﬂﬂioHﬁémﬂﬁOhﬁﬂ%7ﬁﬁz
3k 55%, $1%: HolA= 35% F=rt o] FZI} [18].
714 dSH37|E A 83IH o] EH 2= 35%] T
(shunt)o] HAE AT 320 AA oA LAY 3= A
2kaAd #8455 (hypoxic Pulmonary Vasoconstriction,
HPV) @7fo] BAsle] olefZ: Hoje oF 77.5%, <
2 Ho| M oF 22.5%9] FEFo] =4 At o]Z Q)
3 FEH SN F dEhe] ol 10% Ax7t HA|
7 AEH 7N = F D] 2 27.5%7F Ert
[8, 18, 29]. YT S 1A =] AFF| A T2
Al w3l Aakaad H¥8AGE vkl H 2
ArkaZol Whgste] Holo| A REE 2 s s
o] Ay etz who] 7| "ot} [4, 5, 10, 11, 15, 22, 25-28,

gl 3
& o

IS
X

2

B>

oX,

M,

i

i

&
E
2

o

rlo

d <
Hi z
=

lo
>
B
Y
e
rr
o T
i}l
fu
o
oft )
ot
kd
e
4
S
rlot
N
>
1o,
ol

o
,:L
o

AL AW TEs TAAA FANE ) EF
Eldl= 71*—°ﬂt PaO,7} 43 &
T AL HEd 5 o= 18| oFke]
& UL o]k Ak HEAS
205 ool 7P ﬂﬁ}g ﬂb‘:}l g} [8].
Ak HAEB5E N | 24E9
%2 Wyt A7l iﬁ”}ﬂ*ﬂ"ﬂ oA s}
£ ZAE BAA oA = 0.57% halothaneol| A WHg-0] &
A B RN 1.5% halothaneol| A+ WHg-o] ZHAE]
A el st} (15, 26, 32]. AAEL 4k, 97193
o] de® A HIAFFSS FSAZIThaL &

i
fuirt

£
o o Kl e 1 o b

>.

}

r.iEo

_
o,

HL&J




v € 7)) AL TG oA A5 H e B %
U A vhdsiAl vehdthe 2aAME vt (21, 25].
o] 7, aHe] o], Al T 84k AFH
o] ukgol Fodstrial st} [4, 5, 7). S AIOM =4
ojuf ARl A o) oA ALt HERFFIS
o paFTT F (8, 10]. B
expiratory pressure, PEEP)2] -T'Jr‘:??} Sig=
Heo| A5 ES Waleta -/F*’_fr‘ﬂi]'
I gt [22]. ol T Ak HEAFFHEE
ATE B2 047‘ o dEHen dSHEE A
LahHA dolof & Fash st WY Folth
=3 3}7]+= bronchial blocker, Arterial embolectomy
Catheter, Univent Tube, DLET &-& ©|-&3lo] ¥ 47}
AUTH [18, 29]. Abe] 739~ 7N} mlaste] 713, 7198
9] s F-eHy Fx7F th=2a ASFHE 7% "?‘Xl-r”]'
9] Aozt gaL 717 e] A7) wiiel] 71 Bel o]
§== Zl°] DLET °|t} [6]. o] FH= ZZe] 7hds}
ASHE e 7|HFE s wEi Pt
Al Aol 7hFsaiAl SRAIRE 71 FE ] FAH g ALE-

AFE J)g] &AL Ao 4 e wyo] 9)

. 7Re] 9= Univent TubeZ ©]&3lo] H S HTjA|
A7F B =T} [7, 31]. Univent Tube®t Uuke]
713FBel| blocker7t @ 7|FEolth sHe] A
PolXHE 713 EAF7IA ] do]7t dojA DLET
#71e)= k7ke] Fa]7} Q) Univent TubeZt o
4HES HeslE 71 RO dSH3E v
3 LREAR] 71HFE L] A} H|S=EHA o] Fo
A9t blockers THA] AFgste] 71#A] UAAEE ol
slo] d=o] HZ FHH v} FolgdoME A ol

(el %‘( ositive and
¢t 3)==
Faea =

o gk

\ m\m m

IJ

Jm

N, ok rulm fr e Py o rlo

N

3 uPES ol 2ro|a Qitk. kAN, 718A] WA Aol
Sol717] f8lA B Jle) A717F A 71 9A] WAdol
710k gt ol Baldle AP E0] 20kg ©)3<]

AP AU [7, 31]. FYFG M= 7|AHFHS] 7=

ARl FAR 18] THE FF SN A7} Fof A
39tk B Aol s A A0 713 A& I E
o] DLETE ©|-&3t3aL U553 7]‘2 A Eatt J e
gt ARE EeE] A3 A AN AARE B3l 7]
#e] Ao, A7), EXF] A T2 2HIAUL ik
o] 71 &8 AEEk ZHRE fERl AS A
Ao Z viE 3 S AAIBHATE A Al AAe] ¥
Zolut & 929 g49 T8 1A Axe] W
= IHE glof sl Iditd oz o] HW 713
A oAA WA AL ml1ze}d = 917] wiol] 713x] 271
sl F7] 2ml AEE EojA WS AlAH

FFEH o R 7|AA] EXE LEZE H ok 9% o
FXE= ol v Q2% o] 7| #A] x| 73
AR vIR o8 B o o R BA|Ee

il

P o

H2717F ] 2 2571 A vAlE 9F 283

o) 1BA REE R BN £A7} o
g Aashs A Bst A ¥ 3o
Teistel 92 A9 AHE A=siglon]
Jol 48 AW 915 Pohelol
g 5 ol Wole] R, S0 9 58 wels)

Atk A=AE1E A5 AsiH L B 3l

A2 71N RAH ] W FF7)A) W)

2 soke] Beto] gHEolX WA A7) AhEshE
a7y 7P T XA ot AP EAtE oA o

H371= g2he] ZUE Q13 AAAZS a2
33 olisiiel vgol Gl B & A
Ao OLV =Y & Ty AR 3435 7+
7k feldor RATYT s B kel SR
BOITPL A5 s B BUE Baghh

A W@ AL YEEd oW HE ¥
@ 7hask st olel ool e BEE 7}
oh AREFS AASEA AZe] Aol

[*]

—

/\LZ__O_ 0:]—?]7:]1;].. %\:ﬂlﬁﬂ o]/ﬂ_‘g]_‘_iﬂ ot]-% 7
FH GZolA 5S¢ AT s Blen o
= 254 *o 3L Re-TLV HX% AlolE 108 &<
= AL o]F fAEE FEE vEpSIYE &
o9} B|&=Ek o B TEA AES U
EM%D}. *Ji } ol ksh 'hae AIA W AE| kARl Rk
qe) x}o]z—lo] WS A =), o]4ks) EF
¢«l BE #*d% U] W8-S HolEg 377} 5
7¥etR o] 33} Bhase] wjEo] 57}51—‘— e Hola
77F Aashd wiEo] Aadhs WS Btk Ak
o] sjeldol e 8717t oelE welle &7 71
NAFH YA 22tk o o) 924 o Fe
o S Bl W ofehE W %, @1 A5
Fo| v7h =8 ol w2 Ak TR Bekal 4
}\]-7(40] -dﬂono] }\}_l_iﬁl.l:é X]g_]—ff— %}ﬁ] 5]1;]_ gi
Moz ni delol AT a7 A DSH)

oM A xstEg AAshs e AFE dEEE
Aol o|qkstetad] wiEo] 3 Al 7)ok A4
o] Al Hr} [2, 31]. ALTFORE 1% YZH |9
A 3R A3 EAA, & T4 AES JeEiE &
AHe =Fadnh. Al 4% Fas Bile
U ARESE e UIAE & b’% aZA 2 A

oA WA Fol 3k WSk F whEte] Hl&-2 TLVOA
OLVE & Foll= F243}A —7F4 BLoH o]F Re-
TLVA el A7 85 Bl TLVETE oF ko] &
S5 e B F Tk ole &5 AL 9=
o}e] AAE Fdh=s Ft AEe] TS o] = of
& A o] 71BAE HAAGAE 5 3lem olfF o A

oﬁig_ﬁl’ﬂ

oo 32 ol o tlo by rr oy v Lo rlr
r_{




I}
®
=
oy
(o
S

off 1o X o agt
2
)
N

EEHMEJHU@
o
fru
¢

E—L ‘]01]"1_‘4:_ A A o 2 TFEE B4 9]

fo rr 2 ne o
rl APV
!
s
=
1
[o
i
=
v
n\l
B
>
i)
pa)

Lo
N
~9
ol
&

A
)

A}, é% 1271 % AN EAPEe] Trol
o] P el TkA] o] 2olx
U3 T LT BRIk USH ] v
ofe) 7p Flsjor | BAE b3 Yt 59 U4
el ool ofelgol sl s olE neid
U‘F“Q’]"’]' TE ] /v\
RAo® Jhetn F0 e 544 7HS s o
Z Z02 AREY 92 JA9NA et 5 Al

o
<]

[
X oro ¥& XN

R AT
32 W

£
_t
g
(o]
o
E
(o3
0,
XM
i)
s
yo &
o 8

R 943 G, AREE, $US) A2 ool
A 9zl Sl sle) 71 g Fa A=AlE 4

g3to] BkARY W JBBA thate] A8
for B ATE AZWIA ek & gt Be
FABEE olslel $& AR Aol Ag

k.

ol
o

g E

A% 4 sulelg ddoR AEEAE oMl
2715 QEA), AEABANF Th) oA
Mo A A58 9 557146 dE 9%
2l USs87] B FAIAE 871
Aol Aokl AT = glo] EFY WEL FuA
F glovt Aad /1A Wgow SR o4 5
ek, 7123 e wee] WA s PPHe
a3} BFeaRaL S daterel FA 71
HGOU AVATEES YEIAE 29T o)F &
H3h7] & A0l Aka Bete] x = vehgth
A US| F G A5 ol
Surh ool A4Sk BP0l Rekshs BAE
A gL 3716] 2A] AR Elolok & Blolk. o] o
qV1mxﬂﬂﬂ_llEn+qé7b4% = =4
A S slenl & 1 o) ol dse w
2 9)3} el glolA] B o)A
Yo B ARE,

N

]
e

]

Mo o

i)

30
[
R

>

ZO
20 =

O;

qf“ JIN- i

° N
Pﬂi

o

OEE 1
rulo %

_4

o
=
o)

\_7%

f‘f}EL

N 2 g ox o

2~ T
T 9)\1‘

10.

11.

12.

13.

14.

15.

. Barer GR, Howard P, McCurrie JR,

A - FEY - Aoy - A9 e
HOEH

. Baraka A, Aouad M, Taha S, El-Khatib M,

Kawkabani N, Soueidi A. Apnea-induced hemoglobin
desaturation during one-lung vs two-lung ventilation.
Can J Anaesth 2000, 47, 58-61.

Shaw JW.
Change in the pulmonary circulation after bronchial
occlusion in anesthetized dogs and cats. Cir Res 1969,
25, 747-764.

. Barton L. Respiratory muscle fatigue, Vet Clin North

Am Small Anim Pract 2002, 32, 1059-1079.

. Bee D, Wach RA. Hypoxic pulmonary vasoconstriction

in chronically hypoxic rats. Respir Physiol 1984, 56,
91-103.

. Benumof JL, Wahrenbrock EA. Dependency of

hypoxic pulmonary vasoconstriction on temperature. J
Appl Physiol 1977, 42, 56-58.

. Campos JH, Reasoner DK, Moyers JR. Comparison

of a modified double-lumen endotracheal tube with a
single-lumen tube with enclosed bronchial blocker.
Anesth Analg 1996, 83, 1268-1272

. Cantwell SL, Duke T, Walsh PJ, Pemedios AM,

Walker D, Ferguson JG. One-lung versus two-lung
ventilation in the closed-chest anesthetized dog: A
comparison of cardiopulmonary parameters. Vet Surgery
2000, 29, 365-373.

. Cohen E. Physiology of the lateral position and one-

lung ventilation. Chest Surg Clin N Am 1997, 7, 753-
771.

. Cullen DJ, Eger EI. Cardiovascular effects of carbon

dioxide in man. Anesthesiology 1974, 41, 345-349.
M, Rounds
vasoconstriction. Physiologic significance, mechanism,
and clinical relevance. Chest 1990, 97, 706-718.
Day TK. Blood gas analysis. Vet Clin North Am Small
Anim Pract 2002, 32, 1031-1048.

Dries DJ. Permissive hypercapnia. J Trauma 1995, 39,
984-989.

Garcia F, Prandi D, Pena T, Franch J, Trasserra O.
Examination of the thoracic cavity and lung lobectomy

Cutaia S. Hypoxic pulmonary

by means of throcoscopy in dogs. Can Vet J 1998, 39,
285-291.

Gentilello LM, anardi D, Mock C, Arreola-Risa C,
Maier RV. Permissive hypercapnia in trauma patients.
J Trauma 1995, 39, 846-853.

Groh J, Kuhnle GE, Ney L, Sckell A, Goetz AE.



16.

17.

18.

19.

20.

21.

22.

23.

24.

P o] A EE ol e % o

Effect of isoflurane on regional pulmonary blood flow
during or lung ventilation. Br. J Anaesth 1995, 74, 209-
216.

Heneghan CP, Scallan MJ, Branthwaite MA. End-
tidal carbon dioxide during thoracotomy. Its relation to
blood level in adults and children. Anesthesiology
1981, 36, 1017-1021.

Hyman AL, Kadowitz PJ. Effects of alveolar and
perfusion hypoxia and hypercapnia on pulmonary
vascular resistance in the lamb. Am J Physiol 1975,
228, 397-403.

James BE, Edmond C, Steven MN. Anesthesia for
thoracic surgery In: Barash PG, Cullen BF, Stoelting
RK (eds.). Clinical Anesthesia. pp. 817-833. 4th ed.
Lippincott Williams & Wilkins, Philadelphia, 2001.
Johnson DH, Chang PC, Hurst TS, Reynolds FB,
Lang SA, Mayers L. Changes in PETCO, and
pulmonary blood flow after bronchial occlusion in
dogs. Can J Anaesth 1992, 39, 184-191.

Kiely DG, Cargill RI, Lipworth BJ. Effects of
hypercapnia on hemodynamic, inotropic, lusitropic, and
electrophysiological indices in human. Chest 1996, 109,
1215-1221.

Lejeune P, Brimioulle S, Leeman M, Hallemans R,
Melot C, Naeije R. Enhancement of hypoxic pulmonary
vasoconstriction by metabolic acidosis in dogs.
Anesthesiology 1990, 73, 256-264.

Lejeune P, Vachiery JL, De Smet JM, Leeman M,
Brimioulle S, Delcroix M, Melot C, Naeije R. PEEP
inhibts hypoxic pulmonary vasoconstriction in dogs. J
Appl Physiol 1991, 70, 1867-1873.

Lumb AB. Change in the carbon dioxide tension. In:
Lumb AB, Nunn JF (eds.). Nunn’s Applied Respiratory
Physiology. pp. 460-471, 5th ed. Butterworth, London,
1987.

Malmkvist G. Maintenance of oxygenation during one-
lung ventilation. Effect of intermittent reinflation of the

NI\

25.

26.

27.

28.

29.

30.

31.

32.

33.

He7 )7 e 3

285

collapsed lung with oxygen. Anesth Analg 1989, 68,
763-766.

Marshall B, Hanson CW, Frasch F, Marshall C.
Role of hypoxic pulmonary vasoconstriction in
pulmonary gas exchange and blood flow distribution.
2. Pathophysiology. Intensive Care Med 1994, 20, 379-
389.

Marshall C, Lindgren L, Marshall BE. Effects of
halothane, enflurane, and isoflurane on hypoxic
pulmonary vasoconstriction in rat lungs in vitro.
Anesthesiology 1984, 60, 304-308.

Marshall C, Lindgren L, Marshall BE. Metabolic
and respiratory hydrogen ion effects on hypoxic
pulmonary vasoconstriction. J Appl Physiol 1984, 57,
545-550.

Marshall C, Marshall B. Site and sensitivity for
stimulation of hypoxic pulmonary vasoconstriction. J
Appl Physiol 1983, 55, 711-716.

Morgan GE, Mikhail MS, Murray MJ. Anesthesia for
thoracic surgery In: Morgan GE, Mikhail MS, Murray
MJ, Larson CP (eds.). Clinical Anesthesiology. pp. 525-
534, 3rd ed. Lange Medical Blooks, New York, 1996.
Powell LL. Causes of respiratory failure. Vet Clin
North Am Small Anim Pract 2002, 32, 1049-1058.
Salman MD. Effect of one-lung ventilation on oxygen
delivery in anesthetized dogs with an open thoracic
cavity. Am J Vet Res 2003, 64, 443-448.

Sykes MK, Gibbs JM, Loh L, Marin JB, Obdrzalek
J, Arnot RN. Preservation of the pulmonary
vasoconstrictor response to alveolar hypoxia during the
administration of halothane to dogs. Br J Anaesth 1978,
12, 1185-1196.

Tachibana M, Abe S, Tabara H, Yoshimura H,
Matsuura H, Nagasue N, Nakamura T. One-lung
or two-lung ventilation during transthoracic
oesophagectomy?. Can J Anaesth 1994, 41, 710-715.



