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SUMMARY

Objective: The effects of desflurane and sevoflurane on pulmo-
nary shunt fraction and also systemic and pulmonary hemody-
namic status in patients requiring OLV for thoracic surgery were
evaluated.

Material and Methods: Thirty adult patients, ASA | or II, requir-
ing one-lung ventilation (OLV) for thoracic surgery. Anesthesia
was induced with iv propofal (1-2 mg/kg), fentanyl (2 ug/kg),
and vecuronium (0.1 mg/kg), and patients were ventilated via
mask with in 100% O,. Desflurane (Group 1) was administered
to maintain an inspiratory concentration of 6-10%. Sevoflurane
(Group 2) was administrated in order to maintain an inspiratory
concentration of 1-1.5%. The patients were ventilated 50% O,
and air. After induction of anesthesia, right internal jugular vein
was cannulated and a flow-directed thermodilution catheter was
placed in the pulmonary artery. After tracheal intubation in the
supine position, patients were turned to lateral decubitus posi-
tion. Systemic and pulmonary hemodynamic data were record-
ed and arterial and mixed venous blood samples were obtained
during one-lung ventilation (OLV) in the lateral decubitis position
at the beginning and 10" and 20t minutes of OLV.

Results: Patient demographics were similar between the desflu-
rane and sevoflurane groups. Clinically important tachycardia,
hypotension or hypertension with the transition to OLV were not
detected and a stable cardiovascular condition was easily ob-
tained by the use of both anesthetic agent. Statistically meaning-
ful increases of cardiac output in sevoflurane group were found,
but in desflurane group, increaments did not reach to statistically
important points. With transition to OLV, 21% and 22% increa-
ments in shunt fractions were observed in desflurane and sevo-
flurane respectively.

Conclusion: Desflurane and sevoflurane produce similar cardio-
vascular and pulmonary hemodynamic effects and shunt ratio
before and during one-lung ventilation in patients undergoing
thoracic surgery. Stable cardiovascular condition was obtained
by the use of both anesthetic agents. Both agents did not cause
clinically significant hypertension and tachycardia.

Key Words: Anesthesia, one lung ventilation, thoracic surgery,
inhalation anesthetic agent, shunt fraction
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OZET

Amag: Torasik cerrahide tek akciger ventilas-
yonu (TAV) uygulanan hastalarda desfluran ve
sevofluranin sistemik ve pulmoner hemodina-
mik durum ve pulmoner sant fraksiyonu iizerine
etkilerinin degerlendirilmesidir.

Gere¢ ve Yontemler: Calismaya, torasik cer-
rahide tek akciger ventilasyonu (TAV) yapilan
30 eriskin hasta dahil edildi. Anestezi indiiksi-
yonunda, intravendoz (IV) propofol (1-2 mg/kg),
fentanil (2 ug/kg) ve vekuronyum (0.1 mg/kg)
uygulanan hastalar %100 O, maske ile ventile
edildi. Anestezi idamesinde desfluran %6-10
(Grup 1) sevofluran (Grup 2) %1-1.5 inspiratuar
konsantrasyonlarda uygulandi. %50 O, ve kuru
hava ile mekanik ventilasyon yapildi.  Trakeal
entiibasyondan sonra sag internal juguler ven
kaniili uygulandi ve pulmoner arter kateteri
yerlestirildi. Lateral dekiibitis pozisyonunda
tek akciger ventilasyonu baglangicinda, 10. ve
20. dakikalarda sistemik ve pulmoner hemodi-
nami kaydedilerek, arteriyel ve miks venéz kan
érnekleri alindi.

Bulgular: Desfluran ve sevofluran gruplarindaki
hastalarin  demografik 6zellikleri  benzerdir.
TAV'a geciste klinik olarak 6nemli tagikardi,
hipotansiyon veya hipertansiyon bulunmamustir.
Her iki anestezik ajanin kullaniminda kardiyo-
vaskiiler stabilite kolay elde edilmistir. Sevo-
fluran grubunda istatistiksel olarak anlamh
kardiyak “output” artigt bulunmustur, desfluran
grubunda istatistiksel olarak anlamli bir artig
gozlenmemistir. TAV'a gegiste sant fraksiyo-
nunda artis desfluranda %21, sevofluranda %22
olarak gozlenmistir.

Sonug: Desfluran ve sevofluran torasik cerrahi
hastalarinda tek akciger ventilasyonu &nces-
inde ve sonrasinda kardiyovaskiiler ve pulmo-
ner hemodinamik etkileri ve sant oranlari ben-
zerdir. Her iki anestezik ajamin kullaniminda
kardiyovaskiler stabilite kolay elde edilmigtir.
Her iki anestezik ajan klinik olarak anlamb
hipertansiyon ve tagikardiye neden olmamustir.
Anahtar Kelimeler: Anestezi, tek akciger venti-
lasyonu, torasik cerrahi, inhalasyon anestezik
ajant, sant fraksiyonu

INTRODUCTION

Inhalation anaesthesia is generally favored over
iv anaesthesia for surgery requiring one-lung
ventilation (OLV) because of its several advan-
tages. These include ease of drug delivery, off-

set independent of hepatic or renal function,
end-tidal concentration monitoring, broncho-
ditatation and the option of gaseous induction
(1,2). In contrast, inhalation anaesthetics inhibit
the hypoxic pulmonary vasoconstriction (HPV)
which is a homeostatic mechanism of pulmo-
nary circulation. HPV maintains the optimal
oxygenation of the arterial blood with a mecha-
nism that diverts pulmonary blood flow away
from lung regions with low alveolar oxygen ten-
sions towards better ventilated areas of the lung,
thus reducing venous admixture (2,3).

Desflurane and sevoflurane are very commonly
used volatile anesthetic agents. Their pharma-
cokinetic properties make them highly attrac-
tive for use in thoracic surgery (4). All inhalated
anesthetics inhibit HPV to varying degrees and
therefore affect intrapulmonary shunting (2).
In this study, we compared the effects of des-
flurane and sevoflurane on pulmonary shunt
fraction and on systemic and pulmonary he-
modynamic status in patients requiring OLV for
thoracic surgery.

MATERIAL AND METHODS

After acquiring the approval from the hospital’s
ethics committee and informed consent, 30
adult patients, ASA | or Il, requiring OLV for
thoracic surgery were randomized to receive
inhalational anesthesia with desflurane (n= 15,
patients 1-15) or sevoflurane (n= 15, patients
16-30). None had a history of obstructive air-
ways disease. Patients demonstrating hemody-
namic instability, renal hepatic insufficiency or
neurological disease were excluded. Heart dis-
ease was evaluated by means of personal medi-
cal history, physical status, electrocardiography,
and echocardiography.

No preanesthetic medication was administered.
After arrival in the operating room, an IV can-
nula was placed for infusion of 0.9% saline 10
mL.kg" and a radial arterial catheter was placed
for continuous monitorisation of arterial blood
pressure.

Anaesthesia was induced by IV propofol (1-2
mg/kg), fentanyl (2 ug/kg), and vecuronium (0.1
mg/kg), and patients were ventilated via a mask
with in 100% O,. After induction of anaesthesia,
a left-sided double-lumen endobronchial tube
(Broncho-Cath, Mallinckrodt Medical, Athlone,
Ireland) was placed in all patients and initially
positioned by auscultation. The endobronchial
tube position was confirmed and adjusted with
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fiberoptic bronchoscopy. Tracheal and bronchial
cuff pressures were measured and kept between
20-40 cm H,O with intermittant measurements
and manuel pressure release. Desflurane (Group
1) was administered to maintain an inspiratory
concentration of 6-10%. Sevoflurane (Group
2) was administered to maintain an inspira-
tory concentration of 1-1.5%. The patients were
ventilated with 50% O, and air. During two-lung
ventilation, tidal volumes were adjusted to be
10 mL/kg. As one-lung ventilation began, tidal
volumes were readjusted to be 4-5 ml/kg so
as to keep the arterial carbondioxide concentra-
tions between 35 and 45 mmHg.

After tracheal intubation, right internal jugular
vein was cannulated and a flow-directed ther-
modilution catheter (Edwards Lifesciences LLC,
Irvine, CA, USA) was placed in the pulmonary
artery. In all patients, other monitoring parame-
ters including ECG, pulse oximeter, nasopharyn-
geal temperature, neuromuscular block, ventila-
tion pressures and volumes, end-tidal carbon-
dioxide concentration and urine output were
performed. Peak airway pressure, tidal volume,
ventilatory rate, both tracheal and bronchial cuff
pressures were followed up.

After intubation in the supine position, patients
were turned to lateral decubitus position. Sys-
temic and pulmonary hemodynamic datas were
recorded and during OLV in the lateral decu-
bitis position, arterial and mixed venous blood
samples were obtained at the beginning

(0 minutes) and 10" and 20" minutes dur-
ing OLV.

In patients with PA catheters; thermodilution
cardiac output (CO), stroke volume (SV), sys-
temic and pulmonary vascular resistances (SVR
and PVR, respectively), mixed venous blood
gases were measured. At the same time, hae-
modynamic variables were recorded, including
heart rate (HR), mean arterial pressure, mean
pulmonary arterial pressures (MPAP), pulmonary
arterial occlusion pressures (PCWP) and central
venous pressures (CVP). Oxygen consumption
(VO,) was determined as the product of cardiac
output and the difference between arterial and
venous oxygen content. The shunt fraction (Qs/
Qt) was computed using a standard formula Qs/
Qt= (Ccy,-Cay,)(Ccy,-Cvy,) where Qs= shunt
flow, Qt= cardiac output and Cc ,= oxygen
content of pulmonary end-capillary, Ca,, = arte-
rial oxygen content, Cv,,= mixed venous oxy-
gen content (5).
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The two-tailed Student’s unpaired t-test com-
pared groups for normally distributed data,
which are reported as means + SD. Compari-
sons of treatment within each group were made
by Paired t-test significance required a value of
p< 0.05.

RESULTS
1) Demographic Data

Patient demographics were similar between the
desflurane and sevoflurane groups (Table 1).

Table 1. Demographics and preoperative data

Desflurane | Sevoflurane
(n= 15) (n=15)

Age (year) 47 *+ 12 54 =13
Weight (kg) 67.8+12 | 655+ 13
BSA (m?) 1.76 £ 0.15| 1.70 = 0.19
HR (bpm) 76.6 10 | 823 %16
MAP (mmHg) 81.9 + 8.5 86 = 18
PaO, (mmHg) 93 +12 94 =11
PaCO, (mmHg) | 35.5 + 3.6 | 36.6 3.9
gﬁ&i?on o |974x12| 97.3+09
E;er?;:?c?n(?(;in) L ey
Duration of
anaesthesia 171 £ 47 185 = 66
(min) i

BSA= body surface area, HR= heart rate, MAP= mean arte-
rial pressure.

2) Evaluation of Hemodynamical Changes
with Transition to One Lung Ventilation
According to Baseline (Two-Lung Ventilation)
(Table 2)

Heart rate: There were no significant differenc-
es in desflurane group. In sevoflurane group,
statistically meaningful increases were found
at the beginning and the 10" minute of OLV.
They returned back to base-line levels at 20"
minute.

Mean arterial pressure: Significant increases
were measured at the beginning and during
OLV in desflurane group. In group sevoflurane,
at the beginning and at the 10" minute of OLV,
statistically significant increases of mean arterial
pressures were observed and at the 20! minute
of OLV, they returned to base-line levels.

Central venous pressure: CVP did not change
at the beginning or during OLV in both groups.
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Mean pulmonary artery pressure: MPAP in-
creased at the beginning and during OLV in
both two groups.

Pulmonary capillary wedge pressure: It in-
creased at the beginning and during OLV in des-
flurane group. In sevoflurane group, it increased
after 10" minute of OLV.

Cardiac output: In sevoflourane group, statis-
tically meaningful increases were measured. In
desflurane group, increases did not reach to sta-
tistically important point.

Stroke volume: SV did not change at the begin-
ning or during OLV in desflurane group. In sevo-
flurane group, it did not change at the beginning
and the 10" minute of OLV but increased at the
20" minute of OLV.

Systemic vascular resistance: It did not change
at the beginning and during OLV in desflurane
group. In sevoflurane group, it decreased at the
10 and 20" minutes of OLV.

Pulmonary vascular resistance: In desflurane
group, it increased at 10" and 20" minutes of
OLV. It did not change at the beginning or dur-
ing OLV in sevoflurane group.
Shunt fraction: It increased at the beginning
and during OLV in both group.

3) Evaluation of Changing in the Blood Gases
with Transition to One Lung Ventilation
According to Baseline (Two-Lung Ventilation)
(Table 3-4)

PaO, and $a0,: reductions in PaO, and SaO,
occurred during OLV in desflurane and sevoflu-
rane groups.

PaQ,: increases in PaCO, occurred during OLV
in desflurane and sevoflurane groups.

PvO, and SvO,, Statistically meaningful changes
were not observed in both groups at the begin-
ning and during OLV.

Oxygen consumption: It remained unchanged
during OLV in both groups.

Tidal volume: It reduced in both groups dur-
ing OLV

Peak airway pressure: It increased in both
groups during OLV. Tracheal and bronchial cuff
pressures did not change with transition and du-
ring OLV.

DISCUSSION

In this study, the effects of desflurane and sevo-

flurane on systemic and pulmonary hemody-
namic status and pulmonary shunt fraction in
patients requiring OLV for thoracic surgery were
investigated.

Evaluation of the Heart Rate and Arterial
Pressure

In desflurane group, while heart rate did not
change with transition to OLV, an increase in
blood pressure within normal range, however,
was determined. In sevoflurane group, while
heart rate increased at beginning and the 10t
minute, blood pressure was seen to be increased
within normal range. Clinically significant tachy-
cardia or hypertension was not determined. It
has been reported that a rapid ascent to des-
flurane concentration over 1 MAC had caused
CNS activation via tracheopulmonary receptors,
and resulted in tachycardia and hypertension
(6-8). That's why concentration over T MAC was
never reached in our study. It was also reported
that desflurane concentration below 1 MAC did
not cause any significant alteration in heart rate
(6-8). In our study, although a slight increase
in heart rate was seen, it was not clinically sig-
nificant. We think that, the restrictive effect of
fentanyl on sympathetic nervous system, used
in induction and maintenance of anaesthesia,
may have prevented significant tachycardia and
hypertension.

Evaluation of Cardiac Output and its
Determinants

Consecutive physiopathological interactions ex-
ist among cardiac output, mixed venous Q, satu-
ration, and hypoxic pulmonary vasoconstriction
(9). A decrease in cardiac output reduces mixed
venous O, saturation and results in increases in
pulmonary vasoconstriction. An increase in car-
diac output, however, increases mixed 0, satu-
ration and reduces hypoxic pulmonary vasocon-
striction (9). In our study; increase in cardiac
output was statistically significant in sevoflurane
group. In desflurane group, a slight but insignifi-
cant increase was determined.

a- Hypoxic pulmonary vasoconstriction: Hy-
poxic pulmonary vasoconstriction (HPV) which
has been mainly detected by alveolar O, con-
centration and mixed venous O, saturation is
inversely related to the cardiac output (10). In
our study, when we had turned to OLV, no sig-
nificant difference was observed in respect to
mixed venous O, saturation and pressure (par-
tial pressure of O,) in both groups. Addition-
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Table 2. Systemic and pulmonary haemodynamia

| nw | owv1 | ow2 | ow3
HR (bpm)
Des [ 73 + 14 [ 73+ 16 I 73 = 10 [ 81+70
Sevo | 9 =11 | 77 =11 | 79 11 [ 71x22
MAP (mmHg)
Des ] 7+39 ] 91 + 16 ] 92 + 13" | 87=x11
Sevo | 2+85 | 93 + 127 | 81+ 12 | 78 + 15
CVP (mmHg)
Des [ 128%39 [ 135+40 [ 135=31 [ 120=x27
Sevo T o3%22 | 1434 | 122+42 | 97+33
MPAP (mmHg)
Des | 205+3.6 | 300*65 | 279+54 | 262=*58
Sevo | 186+37 | 255+66 | 239+65 | 24658
PCWP (mmig)
Des [ 104+13 [ 145+23 [ 125=+25 | 134=+3.2
Sevo [ m2erd | 11020 | 13034 | 12737
CO (L/min)
Des [ 55+15 | 5711 | 60+16 | 64+10
Sevo [ 53x10 | 67x14 | 66=x12 | 74+10
SV (mL)
Des | 82 + 24 [ 89 + 27 | 82 * 26 [ 90 + 31
Sevo [ 85x24 | 90 = 25 [ 92 x 22 [ 108 =30°
SVR (dynes.s.cm?)
Des [ 946175 [ 986 + 231 [ 1091 +280 | 899 + 239
Sevo | 960x182 | 1005+212 | 726 +182° | 710 =213
PVR (dynes.s.cm®)
Des | 87 + 29 [ 92 + 25 | 131 + 39° [ 135+ 60
Sevo [ 95+18 | 89 = 30 ]  100=x43 [ 88=+31

Data are mean = SD.

TLV= two-lung ventilation, OLV= one-lung ventilation, OLV-1= data at the beginning of OLV, OLV-2= data at the 10" min OLV,
OLV-3= data at the 20" min OLV, Des= desflurane, Sevo= sevoflurane, HR= heart rate, MAP= mean arterial pressure, CVP= cen-
tral venous pressure, MPAP= mean pulmonary artery pressures, PCWP= pulmonary capillary wedge pressure, CO= cardiac output,
SVR= systemic vascular resistance, PVR= pulmonary vascular resistance, SV= stroke volume.

* Significantly (p< 0.05) different from TLV value.
Table 3. Arterial and mixed venous blood Gas values.

[ TV [ OLv-1 \ OLV-2 [ OLV-3

PaO, (mmiHg)

Des [ 235 + 69 [ 143 + 89" [ 139+91" | 128+ 82"
Sevo [ 260 = 96 | 13845 | 120x61" | 130=58
PaCO, (mmHg)

Des | 34+54 [ 38 + 5.5 [ 39+50 [ 45+8.7
Sevo | 33+ 4.3 | 39 * 7.7 | 38+65 | 38=x67
5a0, (%)

Des | 996+04 | 967%35 | 973+28 94.7 + 5.9
Sevo [ 995+06 | 98416 | 973+19 979+ 1.7
PvO, (mmHg)

Des [ 55 + 16 [ 47 + 5.8° [ 51=74. . [ 512
Sevo [ 45 + 6.2 [ 50 = 7.3 [ 53+14 | 52+11
SvO, (%)

Des | 85+73 | 80 + 5.5 [ 82+54 [ 80:x09.1
Sevo | 8349 | 84 + 4.9 [ 8s+70 | 85+62
VO, (mL 0,)

Des 200 = 171 160 + 83 180 = 117 211 = 156
Sevo 229 + 99 231 + 113 228 + 101 305 + 166
|Qs/Qt (%)

Des 7.3+35 16.3 = 4.9 21.8+7.2 20.6 + 6.9
Sevo 52+ 14 18.3 + 4.8 20.8 + 8.7 222 + 6.8

Data are mean + SD.

TLV= two-lung ventilation, OLV= one-lung ventilation, OLV-1= data at the beginning of OLV, OLV-2= data at the 10" min OLV,
OLV-3= data at the 20" min OLV, PvO, = venous partial pressure oxygen, Sa0, and SvO,= arterial and venous hemoglobin satura-
tion, VO, = oxygen consumption,

Qs/Qt= shunt fraction Des= desflurane, Sevo= sevoflurane.
* Significantly (p< 0.05) different from TLV value.
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Table 4. Respiratory parameters and cuff pressures.

[ v | owva | ow2 | ows3
Tidal volume (mL)
Des | 65221045 | 33925100 | 346 1069 [359 +101.2°
Sevo | 6051071 [ 334.9+534" | 3625+ 54.2" | 346 + 63.3"
Peak airway pressure (cm H,0)
Des 22.4 + 5.4 275+ 76 28071 | 24873
Sevo 204 + 35 295 7.3 290+63 | 279+ 56
Tracheal cuff pressure (cm H,0)
Des 301 = 14.8 312+ 155 291 =103 | 224 =59
Sevo 27.0 = 17.6 214+ 46 213 + 4.1 204 + 4.1
Bronchial cuff pressure (cm H,0)
Des 24,1 +12.2 232+137 | 217+118 | 184=95
Sevo 238 =11.6 222+ 54 205+ 49 18.7 = 4.0
Ventilatory rate
Des 12+0 205 £ 3.2° 19.4 =217 | 195+ 2.0°
Sevo 12+0 19.5 + 1.5° 19315 | 201 +15

TLV= two-lung ventilation, OLV= one-lung ventilation, OLV-1= data at the beginning of OLV,
OLV-2= data at the 10% min OLV, OLV-3= data at the 20" min OLV,

* Significantly (p< 0.05) different from TLV value.

ally, O, consumption which may affect mixed
venous O, saturation was found to be similar
in both groups. Alveolar O, concentration was
regulated by O, fraction according to arterial
O, saturation. Finally, basic determinants of the
HPV were similar in two groups. Therefore, we
think that sevoflurane and desflurane have simi-
lar effects on the HPV.

Only dramatic changes in the alveolar O, and
mixed venous O, saturation may effect the pul-
monary arterial vasoconstriction. In our study,
pulmonary vascular resistance, which is propor-
tioned to HPV, didn't change with the transi-
tion to OLV. Therefore we think that, effect of
sevoflurane and desflurane on HPV is clinically
unimportant.

b- Systemic vascular resistance: Systemic vas-
cular resistance is inversely related with cardiac
output (9). There was a reduction in SVR that
resulted an increased cardiac output in sevoflo-
rane group. In our study, it could not be possible
to reveal the contribution of HPV inhibition. In
desflurane group, a slight but insignificant in-
crease in CO and a slight but insignificant de-
crease in SVR were determined.

In fact, changes in the cardiac output causing
haemodynamically important situations oc-
cur only in the presence of dramatic changes
in systemic vascular resistance and pulmonary
vascular resistance (9,10). In our study, clinically
important tachycardia, hypotension or hyper-

tension with the transition to OLV were not de-
tected and a stable cardiovascular condition was
easily obtained by the use of both anesthetic
agents. Therefore, we think that the effects of
sevoflurane and desflurane on PVR and SVR are
not clinically important.

Affects on Pa0,, PaCO, and Shunt Fraction

Despite the fact that OLV greatly facilitates the
surgical manipulation on the non-ventilated
lung, it creates serious ventilation-perfusion
mismatch abnormalities. In OLV, two main fac-
tors cause the ventilation-perfusion mismatch.
One of these factors is true shunt in the non-
ventilated lung, where there is blood flow to the
alveoli but no ventilation. The other factor is
the shunt that gives rise to the alveoli with low
ventilation-perfusion ratios. The blood in the
upper lung can not take up sufficient oxygen,
and therefore retains its poorly oxygenated
mixed venous composition. A second factor
causes approximately 10-15 percent venous
admixture during two-lung ventilation. Venous
admixture increases to a level of 30-40 per cent
during one-lung ventilation (9). Handling of
pulmonary vessel by surgeons during operation
may increase shunt rate via HPV inhibition (9).
In our study, to minimize this effect, blood gas
analysis was performed before surgical handling
of the lung.

During OLV, PaO, is maintained in a safe range
with a high-inspired oxygen concentration at
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level of 50% or over. Additionally, we reduced
tidal volume and increased ventilation rate. In
our study, with transition to OLV, a similar re-
duction of PaO, in both groups was observed.
There were slight increases in PaCO, values but
they were within normal ranges. Reduction in
O, saturation of clinical importance was not de-
termined. In patients in whom sufficient PaQ,
could not be obtained by FiO, level and tidal
volume/ventilation rate regulations, PEEP has
been proposed for restriction of blood flow at
nonventilated lung (11,12). In our study, al-
though there were not any patients requiring
this application, during OLYV, it is advised to be
aware of all necessary maneuvers to increase
Pa0,.

In our study with transition to OLV, 21% and
22% increases in shunt fraction were observed in
desflurane and sevoflurane groups respectively.
In present study, in both groups, adequate arte-
rial oxygenation could be maintened with these
shunt rates. Beck et al (13) reported 30% shunt
fraction in OLV with sevoflurane, and Slinger et
al (14) found 39% and 41% shunt fraction with
isoflurane and enflurane respectively in thoracic
surgery. Pagel and et al (15) tested the effects of
desflurane and isoflurane on shunt fraction in
patients undergoing one-lung ventilation. They
found 40% shunt fraction in desflurane group
and 34% shunt fraction in isoflurane group. In
all of these studies, as in our study, increases in
shunt fraction with the onset of OLV were well
tolerated with implement of a high concentrat-
ed oxygen inspiration.

CONCLUSION

In present study, it was concluded that, desflu-
rane and sevoflurane produce similar cardio-
vascular and pulmonary haemodynamic effects
and shunt fraction before and during one-lung
ventilation in patients undergoing thoracic sur-
gery. A stable cardiovascular condition was easi-
ly obtained by the use of both anesthetic agents.
Both agents did not cause clinically significant
hypertension and tachycardia.
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