
The Echocardiographic Assessment
of Left Ventricular Performance

during Sevoflurane and
Halothane Anesthesia

Haruyuki KASUDA, Satoshi AKAZAWA and Reiju SHIMIZU

The cardiovascular effects of sevoflurane were studied and compared with
those of halothane in 30 healthy patients. The patients were assigned to receive 1
MAC sevoflurane (n=lO), 2 MAC sevoflurane (n=10) or 1 MAC halothane (n=10)
in N20 2 [·min-1 and 02 4 [·min-1 . The changes in left ventricular diastolic
and systolic dimension (Dd and Ds), fractional shortening (FS), mean velocity
of circumferential fiber shortening (mVef), left ventricular diastolic and systolic
volume (Vd and Vs), stroke volume (SV), ejection fraction (EF) and cardiac
index (CI) were evaluated by echocardiography. Sevoflurane produced significant
dose-dependent decreases in FS, mVcf, EF and SV, but no significant changes
in Dd and Vd. Therefore, the decrease in SV was due mainly to the increase
in left ventricular residual volume (Vs). One MAC halothane produced a more
significant decrease in FS, mVef, EF and SV, when compared to values obtained
at 1 MAC sevoflourane (P < 0.01). CI was more significantly decreased with 1
MAC halothane than with 1 MAC and 2 MAC sevoflurane (P < 0.01). This was
brought about by a slight decrease in HR with halothane and a slight increase
in HR 'with sevoflurane, in addition to a smaller decrease in SV with sevoflurane
than with halothane. This study suggests that sevoflurane may better preserve
cardiac function as a pump in healthy patients, when compared to halothane.
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(Kasuda H, Akazawa S, Shimizu R.: The echocardiographic assessment ofleft
ventricular performance during sevoflurane and halothane anesthesia. J Anesth
4: 295-302, 1990)

Sevoflurane is anew, potent, inhaled
anesthetic which has a low blood-gas par
tition coefficient of 0.601

. But its clinical
safety in cardiovascular system is not estab
lished. This study was performed to com
pare the cardiovascular effects of sevoflurane
with those of halothane in healthy patients.
In this study, we used noninvasive meth
ods including echocardiography to assess left
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ventricular performance before and during
anesthesia.

Methods

Thirty patients aged 19 to 55 years sched
uled for elective surgical procedures were
studied. All the patients had no history of
cardiac, pulmonary and other systemic dis
eases. We explained the study in detail to
all the patients, and obtained their consent.
This study was approved by the Clinical Re
search Committee of Jichi Medical School,
because there were no expected complica
tions attributable to the procecures.

The patients were randomly assigned to
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Fig. 1. Typical portion of recordings of
echo cardiogram of the left ventricle.

Carotid A Pulse: carotid arterial pulse; ECG:
electrocardiogram; PCG: phonocardiogram; RV:
right ventricle; 8: ventricular septum; LV: left ven
tricular cavity; PW: posterior left ventricular wall;
ET: left ventricular ejection time; Dd: left ventric
ular diastolic dimension; Ds: left ventricular sys
tolic dimension.

receive I MAC sevoflurane (Group S-l,
n=lO), 2 MAC sevoflurane (Group S-2,
n=10) or 1 MAC halothane (Group H-l,
n=10). The patients in all groups were pre
medicated with atropine, 0.5 mg, and hy
droxizine, 50 mg, intra-muscularly forty min
utes before the induction of anesthesia. In
the operating room, a Dinamap® blood pres
sure cuff, electrocardiographic leads, phono
cardiographic probe and carotid arterio-

graphic probe were applied to the patients.
Before induction of anesthesia, heart rate
(HR), mean blood pressure (mAP), electro
cardiography, phonocardiography, carotid ar
teriography and echocardiography were mea
sured in the patients breathing room air.

Anesthesia was induced with 2-5%
sevoflurane or 1-2% halothane in N20 4
[·min-1 and O2 2 [·min- 1 via a mask.
Succinylcholine, 1 mg. kg- 1

, was adminis
tered intravenously to facilitate orotracheal
intubation. The patients were ventilated to
control end-tidal carbon dioxide concentra
tion between 35 and 40 mmHg. End-tidal
anesthetic concentrations were respectively
maintained at 1.7% (1 MAC) sevoflurane",
3.4% (2 MAC) sevoflurane or 0.75% (1
MAC) halothane'' in N20 4 [·min-1 and
O2 2 [·min- 1 . HR, mAP, electrocardiogra
mAP, electrocardiography, phonocardiogra
phy, carotid arteriography and echocardio
graphy were measured after 15 min sta
bilization of end-tidal anesthetic concen
tration. End-tidal anesthetic gas and car
bon dioxide concentrations were measured
by Normae Multigas Monitor@ (Datex Co.
Ltd.) which was calibrated for a linear re
ponse for each gas concentration using a
gaschromatography. Surgical stimulation was
avoided throughout the course of the study.

The echocardiography were performed by
means of Aloka SSD-730 ultrasonoscope. A
3.5 MHz transducer of 10 mm in diameter
was applied to the patients in the supine or

Table 1. Demographics

Group 8-1 (n=10) Group 8-2 (n:::::10)

sevoflurane 1 MAC sevoflurane 2 MAC
Anesthetics in N20 4 l·rnin- 1 in N20 41·rnin- 1

& 02 2 l·min- 1 & 02 21·min- 1

Age (Yr) 32.1 ± 13.0 28.6 ± 11.6
(19-58) (19-55)

Height (em) 156.0 ± 5.6 159.8 ± 6.6
(140-165) (148-169)

Weight (kg) 56.1 ± 10.4 59.3 ± 7.6
(41-80) (40-75)

Male:Female 4:6 6:4

Group H-1 (n:::::10)

halothane 1 MAC
in N 20 41·rnin-1

& 02 21·min-1

32.9 ± 12.0
(18-46)

160.1 ± 6.0
(150-174)

56.6 ± 10.6
(42-85)

4:6

Values are given as mean ± 8D and ranges in parenthesis.
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Fig. 2. Changes in mean arterial pressure (mAP), heart rate (HR) and car
diac index: (CI) at 1 MAC of sevoflurane (open circles), 2 MAC of sevoflurane
(closed circles) or 1 MAC of halothane (closed squares) in N20 4 [·min- I and
02 2 [.min- I . All values are mean ± 3D.

*: P < 0.05 vs control **: P < 0.01 vs control

the left lateral decubitus position. To exam
ine the left ventricle (LV), the echocardio
graphic transducer was positioned perpendic
ular to the chest at the left parasternal bor
der in the third or fourth intercostal space;
the two-dimensional sector- scan was aligned
to the long axis of the left ventricle; and the
M-mode beam was directed inferiorly from
the position where the mitral valve was de
tected. At the level of the chordae tendineae,
the right ventricular cavity, the interventric
ular septum (IVS), and the posterior wall
of LV were transected by the echocardio
graphic beam and M-mode echocardiograms
were recorded on a strip chart recorder at a
paper speed of 50 mm-sec.

The LV echocardiographic dimensions
were represented by the distances from the
endocardial echo of the posterior LV wall
to the endocardial echo of the LV side of
the IVS. LV diastolic dimension (Dd) was
measured at the peak of R wave of the
electrocardiogram, and LV systolic dimen
sion (Ds) was measured at the second sound
of the phonocardiogram (fig. 1). The mean
values of them in three or four successive

cardiac cycles were used for the following
calculations.

V=7D3/(2.4+D)
(the Teichholz formula", V: LV vol
ume, D: LV dimension)

FS=(Dd - Ds)/Dd X 100
(FS: fractional shortening)

mVcf=:(Dd - Ds)/(Dd x LVET)
(mVcf: mean velocity of circumferen
tial fiber shortening, LVET: LV ejec
tion time)

SV=Vd-Vs
(SV: stroke volume, Vd: diastolic V,
VS: systolic V)

EF=(Vd-Vs)/Vd x 100
(EF: ejection fraction)

CI=(SV x HR)/BSA
(CI: cardiac index, BSA: body surface
area)

SVRI=mAP / CI
(SVRI: systemic vascular resitance in
dex)

LVET was determined from carotid arterial
pulse recording which represents the time
from the beginning of the upstroke of arterial
pulse to the dicrotic notch (fig. 1).
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Fig. 3. Changes in left ventricular diastolic and systolic dimension (Dd and
Ds), fractional shortening (FS) and mean velocity of circumferential fiber short
ening (mVcf) at 1 MAC of sevoflurane (open circles), 2 MAC of sevoflurane
(closed circles) or 1 MAC of halothane (closed squares) in N20 4 ['min- I and
02 2 [·min- I . All values are mean ± SD.

*: P < 0.05 vs control **: P < 0.01 vs control

Results are expressed as mean ± SD. Sta
tistical comparison with preanesthetic val
ues was assessed by paired Student's t-test.
Comparisons between groups were by the
X2 test, and unpaired Student's t-test or
Welch's t-test when appropriates. A P value
of 0.05 was accepted as statistically signifi
cant.

Results

The patients in each group were com
parable with respect to age, sex, weight
and height (table 1). Pre-and post anes
thetic data for hemodynamic and echocar
diographic variables are presented in table 2.
There were no significant differences between
the groups with regard to the preanesthetic
values of HR, mAP and echocardiographic
parameters.

After inhalation of anesthetics, mAP sig
nificantly decreased in every group (P <
0.01) (fig. 2). HR showed a tendency to in
crease, but not significantly, in Group S-l
and S-2, whereas it showed a tendency to
decrease, but not significantly, in Group H-I.

With regard to the changes in HR, a sig
nificant difference was found between Group
H-1 and the other groups (P < 0.05).

Dd did not change in every group (fig. 3).
Ds increased in every group (P < 0.01), and
the increase in Ds was greater in Group H-1
than in Group S-l (P < 0.05). FS decreased
in every group (P < 0.01), and the decrease
in FS was greater in Group S-2 and H
I than in Group S-l (P < 0.05 and 0.01,
respectively). mVcf decreased in every group
(P < 0.01), and the decrease in mVcf was
greater in Group S-2 and H-1 than in Group
S-l (P < 0.05 and 0.01, respectively).

Vd did not change in every group (fig. 4).
Vs increased in every group (P < 0.01), and
the increase in Vs was greater in Group S-2
and H-1 than in Group S-l (P < 0.05). SV
decreased in every group (P < 0.01), and the
decrease in SV was greater in Group S-2 and
H-1 than in Group S-l (P < 0.05 and 0.01,
respectively). EF decreased in every group
(P < 0.01), and the decrease in EF was
greater in Group S-2 and H-1 than in Group
S-l (P < 0.05 and 0.01, respectively).
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Table 2. Changes in cardiovascular variables

before during difference
anesthesia anesthesia

Mean arterial pressure Group S-l 89.8 ± 10.3 76.4 ± 10.0** -13.4 ± 9.4
(mAP, mmHg) Group S-2 91.5 ± 9.5 78.4 ± 7.2** -13.1 ± 7.2

Group H-1 88.2 ± 9.6 75.7 ± 12.7** -12.5 ± 7.2

Heart rate Group s.i 87.7 ± 12.7 93.6 ± 12.6 5.9 ± 9.1
(HR, beats.min- 1

) Group S-2 85.2 ± 14.7 90.8 ± 17.1 5.6 ± 7.6
Group H-1 87.5 ± 15.3 84.4 ± 10.1 -3.1 ± 7.8ft

Left ventricular diastolic Group s-i 4.36 ± 0.26 4.44 ± 0.33 0.10 ± 0.16
dimension Group S-2 4.51 ± 0.22 4.58 ± 0.27 0.07 ± 0.26
• (Dd, em) Group H-1 4.62 ± 0.46 4.64 ± 0.46 0.02 ± 0.08

Left ventricular systolic Group S-l 2.66 ± 0.26 3.01 ± 0.30** 0.31 ± 0.21
dimension Group S-2 2.68 ± 0.16 3.20 ± 0.23** 0.52 ± 0.28

(Ds, em) Group H-1 2.80 ± 0.39 3.32 ± 0.42** 0.52 ± 0.12t

Fractional shortening Group S-l 39.0 ± 3.6 32.4 ± 3.2** -6.7 ± 1.4
(FS, %) Group S-2 40.5 ± 2.4 30.5 ± 3.3** -9.9 ± 3.5t

Group H-1 39.4 ± 4.1 28.5 ± 5.1** ;-10.9 ± 3.4t t
Mean velocity of circum- Group S-l 1.35 ± 0.18 1.09 ± 0.12** -0.27 ± 0.07
ferential fiber shortening Group S-2 1.40 ± 0.10 1.01 ± 0.12** -0.39 ± 0.15t

(mVcf, circ.sec- 1 ) Group H-1 1.34 ± 0.15 0.90 ± 0.14** -0.45 ± 0.14tt

Left ventricular diastolic Group s.i 86.3 ± 12.2 90.3 ± 15.2 4.0 ± 6.9
volume Group S-2 93.0 ± 11.5 96.6 ± 13.4 3.6 ± 12.1

(Vd, ml) Group H-1 98.8 ± 23.1 100.2 ± 23.0 1.4 ± 3.3

Left ventricular systolic Group si 26.2 ± 6.2 35.9 ± 8.6** 9.7 ± 3.8
volume Group S-2 26.7 ± 3.7 41.2 ± 7.6** 14.5 ± 8.5t

(Vs, ml) Group H-1 30.5 ± 10.2 45.6 ± 13.6** 15.1 ± 4.9t

Stroke volume Group si 60.1 ± 7.8 54.4 ± 8.2** -5.2 ± 5.0
(SV, ml) Group S-2 66.3 ± 9.4 55.4 ± 9.8** -10.9 ± 8.6t

Group H-1 68.3 ± 14.6 54.6 ± 13.5** -13.7 ± 6.2ft

Ejection fraction Group s.i 69.9 ± 4.2 60.5 ± 4.4** -8.4 ± 3.3
(EF, %) Group S-2 71.2 ± 2.8 57.2 ± 5.5** -14.0 ± 5.9t

Group H-1 69.8 ± 4.9 54.6 ± 6.3** -15.2 ± 5.1t t

Cardiac index Group S-l 3.49 ± 0.66 3.28 ± 0.40 -0.21 ± 0.48
(CI,I/min.m2 ) Group S-2 3.48 ± 0.59 3.10 ± 0.63* -0.38 ± 0.50t

Group H-1 3.69 ± 0.56 2.88 ± 0.57** -0.82 ± 0.26ttH

Systemic vascular Group S-l 26.2 ± 5.1 23.1 ± 4.7 3.1 ± 2.4
resistance index Group S-2 27.4 ± 5.6 26.6 ± 5.6 0.8 ± 2.9

(SVRI, rpmflg-min-L-1.m2) Group H-1 24.4 ± 4.9 27.0 ± 5.8 -2.6 ± 3.8

All values are mean ± SD difference indicates the one between
* & **: P < 0.05 & P < 0.01 vs control before and during anesthesia
t & tt: P < 0.05 & P < 0.01 vs Group S-l
:j: & H: P < 0.05 & P < 0.01 vs Group S-2
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Fig. 4. Changes in left ventricular diastolic and systolic volume (Vd and Vs),
stroke volume (SV) and ejection fraction (EF) at 1 MAC of sevoflurane (open
circles), 2 MAC of sevoflurane (closed circles) or 1 MAC of halothane (closed
squares) in N20 41·min-1 and 02 21·min-1

. All values are mean ± SD.
*: P < 0.05 vs control **: P < 0.01 vs control

CI decreased in Group S-2 and H-1 (P <
0.05 and 0.0'1, respectively), but did not
change in Group S-l (fig. 2). The decrease in
CI was greater in Group H-1 than in Group
S-l and S-2 (P < 0.01), and the decrease in
CI was greater in Group S-2 than in Group
S-l (P < 0.05). There was no significant
changes in SVRI in every group.

Discussion

Serial echocardiographic measurements of
myocardial function must be carefully inter
preted because HR, preload, afterload, and
contractility may independently or synergi
cally influence the dimensions of the left ven
tricle and other hemodynamic parameters.
HR did not show the significant difference
between before and during anesthesia in all
groups; therefore, HR was not a major factor
contributing to the change in left ventricu
lar function. The effect of sevoflurane and
halothane on preload remains obscure. In
clinical studies using echocardiography to as
sess preload status, Rathod et al. 6 found a
significant decrease in Dd, whereas Gerson et

al.7 noted a significant increase in Dd under
halothane anesthesia. In our study (sevoflu
rane and halothane) and previous reports by
Barash et al. 8 (halothane) and by Wolf et
al. (halothane and isofluranej'' , there were no
significant changes in Dd and Vd, suggesting
that preload remained relatively constant.

As we used only noninvasive methods
in this study, neither right atrial pressure
nor central venous pressure was measured.
But we thought changes in central venous
pressure were relatively small or negligible
in this study, because we could not catch
any clinical sign suggesting changes in ve
nous pressure.; therefore, SVRI was calcu
lated as the quotient of mAP and CI. In
human studies, halothane does not char
acteristically change total systemic vascu
lar resistance'P'!", whereas both isoflurane
and enflurane cause vasodilation with a fall
in systemic vascular resistance12,13 . In this
study, SVRI did not change significantly,
suggesting afterload remains relatively con
stant during both sevoflurane and halothane
anesthesia. In all of three groups in our
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study, HR, preload and afterload were rel
atively constant; therefore, the changes ob
served by the echo cardiographic measure
ments mainly reflect alterations in contractil
ity.

Sevoflurane produced significant dose
dependent decreases in FS, mVef, EF and
SV. This indicates that sevoflurane de
pressed left ventricular function with in
creasing depth of anesthesia, as with other
inhalation anesthetics10 - 13 . Decreases in FS,
mVcf, EF and SV were due mainly to in
creases in Ds or Vs, because Dd and Vd
,were not significantly altered by sevoflurane.
The increase in Vs was indicative of dimin
ished emptying of the left ventricle i.e., the
increase in left ventricular residual volume.

Halothane produced a more significant
decrease in FS, mVcf, EF and SV than
sevoflurane. This indicates that sevoflurane
did not depress left ventricular function as
strongly-as halothane in healthy patients and
coincided with the result of animal study in
which LV dp/dt max was measured by Millar
Micro-Tip catheter pressure transducer'".

When mAP was significantly decreased
by inhalation anesthetics, HR showed a ten
dency to increase in Group S-l and 8-2,
but to decrease in Group H-l. Although
HR showed a dose-dependent decrease'! or
unsignificant changes14 ,16 in animals, HR
showed a tendency to increase in a multi
center clinical trial of sevoflurane in 244
healthy patients!". In ths study, the changes
in HR was reflected in the changes in CI. CI
was not significantly decreased in Group 8-1
(1 MAC sevoflurane). The decrease in CI was
greater in Group H-1 (1 MAC halothane)
than in Group 8-2 (2 MAC sevoflurane).
This smaller decrease in CI with sevoflurane
was due to a combination of a slight decrease
in 8V and a slight increase in HR. Barore
ceptor reflexes are depressed by halothanel ",
halothane with nitrous oxide19 , and enflu
rane with or without nitrous oxide/". The
depressive effect of isoflurane on the barore
ceptor reflex was not likely to be as strong as
that of halothane or enflurane'". At present,
it is not clarified whether sevoflurane de
presses baroreflex control of HR or not.

Judging from the results of this study, it
seems that this reflex was preserved better
during sevoflurane anesthesia in healthy pa
tients, when compared to during halothane
anesthesia.

In conclusion, cardiac function, especially
pump function (CI), may be preserved better
in healthy patients under sevoflurane anes
thesia, when compared to halothane. A small
reduction in CI may be due probably to a
combination of a slight decrease in SV and a
slight increase in HR.

(Received Mar. 2, 1990, accepted for publica
tion Apr. 23, 1990)
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