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ABSTRACT

Purpose: There is a high incidence of hypoxemia and
hypercapnia during one lung anaesthesia in patients under-
going pulmonary surgeries for lung cancer. Many factors
are claimed to affect oxygenation during one lung anaes-
thesia. In our work, we studied the effect of halothane and
isoflurane on hypoxic pulmonary vasoconstriction (HPV)
as an important factor affecting tissue oxygenation during
one lung ventilation (OLV).

Materials and methods: Forty patients are randomly
divided into two equal groups A and B:

Group A: Patients are going to receive halothane an-
aesthesia.

Group B: Patients are going to receive isoflurane an-
aesthesia.

The effect of halothane and isoflurane on HPV was
studied on both groups as reflected by systemic, pulmo-
nary hemodynamics and blood gases. In spite of the fact
that isoflurane is known to abolish the HPV by its vasodi-
lator effect.

Results: No marked difference was noticed between
both groups as regard tissue oxygenation. so, both isoflu-
rane and halothane can be used safely during OLV.

Key Words: Isoflurane - Halothane - Hypoxic vascocon-
striction.

INTRODUCTION

The most common indication for thoracoto-
my in adults is lung malignancy. Surgeries for
lung cancer now are done by one lung anaesthe-
sia technique to give easy convenient surgical
approach.

During OLV, close monitoring of oxygena-
tion is essential [19]. Previous studies suggested
that HPV is considered to be an important
mechanism by which blood flow is diverted
away from atelectatic or hypoxic regions of the
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lung to the better ventilated normoxic regions
[9].

This blood flow diversion minimizes venous
admixture and increases arterial oxygen ten-
sion. Maintenance of normal arterial CO; pres-
sure is also mandatory during OLV [9,19].

This work is done to compare between the
effect of halothane and isoflurane on HPV as
reflected by blood gases, pulmonary and sys-
temic heamodynamics during OLV.

PATIENTS AND METHODS

Forty ASA-physical status II, III patients un-
dergoing elective thoracotomy for lung resec-
tion in the National Cancer Institute fasted
overnight after their written informed consent
was obtained.

Patients with fever, anaemia or history of
chronic exposure to drugs known to affect the
systemic and pulmonary haemodynamics were
excluded from participation.

Patients were randomly assigned to receive
halothane or isoflurane in 100% oxygen. The
patients were classified into two groups:

Group A: Included 20 patients (halothane
group).

Group B: Included 20 patients (isoflurane
group).

Routine general examination and investiga-

tion were done with special concern to chest X-

ray and blood gases and PFT (Pulmonary func-
tion tests).
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Premedication:

Was carried out with morphine 0.1 mg/kg
IM, 30-90 minutes before surgery and midazo-
lam 3 mg IV in operating room.

Preoperative preparation:

ASA standard monitors were applied on ad-
mission to the operating room using Hewlett
Packard monitor model 645.

5 leads ECG monitor is established in oper-
ating room. All patients had radial artery cathe-
ter placed for systemic arterial blood pressure
and blood gases. Pulse oximetry and capnogra-
phy for measurement of oxygen saturation and
end tidal CO; respectively.

Central venous access with central venous
pressure (CVP) was introduced in every patient
for fluid management. Pulmonary artery cathe-
ter 4 lumen into a 7F. catheter 110 cm long
with polyvinyl chloride body was introduced
[5]. Insertion of the pulmonary artery catheter
was done through the central venous access
with Seldinger's technique through the internal
jugular vein.

After attaining a pulmonary artery position
minimal catheter advancement resulted in pul-
monary capillary wedge wave form. The pul-
monary tracing reappeared when the balloon
was deflated.

Induction:

Anesthesia was induced by sodium thiopen-
tal 2.5%, 3-4 mg/kg and fentanyl 2 pg/kg. Pan-
curonium as I.V. bolus of 0.1 mg/kg after 3 min
pre oxygenation. Patients were ventilated via
face mask with halothane or isoflurane in 100%
oxygen left or right sided double lumen tube
was introduced and its position was confirmed
by auscultation before and after the patient was
placed in the lateral decubitus position.

Maintenance:

Anaesthesia was maintained by halothane
(0.5-1) MAC in oxygen in group A and with
isoflurane (0.5-1) MAC in oxygen in group B.
Both groups were supplemented with intermit-
tent doses of fentanyl (2 pg/kg) and pancuroni-
um 0.01-0.02 mg/kg.

Ventilation:

After introduction of the double lumen and
checking of its position, ventilation was con-
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trolled by a volume-cycled ventilator at a rate
of 12 cycles/min and tidal volume of 12 ml/kg.
These rates were readjusted to maintain acid-
base status and PaCO; within physiological
limits.

The following parameters were recorded:

- Systemic hemodynamics including mean ar-
terial pressure (MAP), heart rate (HR), cen-
tral venous pressure (CVP), Cardiac output
(CO) and systemic vascular resistance
(SVR).

- Pulmonary hemodynamics including mean
pulmonary artery pressure (MPAP), pulmo-
nary capillary wedge pressure (PCWP) and
pulmonary vascular resistance (PVR).

- Arterial blood gases including blood pH, oxy-
gen partial pressure (PaO3), carbon dioxide
partial pressure (PaCO7) and hemoglobin ox-
ygen saturation (Sa0»).

These hemodynamics and blood gases pa-
rameters were obtained at the following inter-
vals of the surgical procedures:

T1— 10 min after induction.
T2— After occlusion of the double lumen tube.
T3— After clamping of the pulmonary artery.

T4— One hour after clamping the pulmonary
artery.

T5— At the end of anaesthesia.

Systemic vascular resistance and pulmonary
vascular resistance were calculated in dyne/
cm?2/sec using this equation.

SVR = (MAP-CVP) /CO x 80
PVR = MPAP - PCWP / CO x 80

Recovery:

Patients received neostigmine (40-80 pg/kg)
and glycopyrolate 1 pg/kg for reversal of neuro-
muscular blockade after the surgical procedure
and before emergence of anaesthesia.

Statistical analysis:

Data were processed and analyzed using the
statistical package SPSS for windows version 8
on an IBM compatible computer. Numerical
data presented as means + standard deviation,
and categorical data as frequency distribution.
Comparison between different reachings within
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each group of patients was done using freed-
man 2 way A NOVA test followed by wilcoxin
matched pairs tests.

Mann-Whiteny test was used to compare the
readings of the 2 groups Chi-Squared test was
used to compare categorical data of the 2
groups.

RESULTS

This study was conducted on 40 patients
having lung malignancy. They were subjected
to pulmonary resection with OLV.

Group A: Included 20 patients all received
halothane anaesthesia.

Group B: Included 20 patients all received
isoflurane anaesthesia.

From Table (1), we have all the patients
demographics and operative characters. This in-
cludes age, weight, height and operation time.

There were no differences as regards the
four demographic variables between both
groups.

Table (2) shows the systemic hemodynam-
ics, namely mean arterial blood pressure
(MAP), heart rate (HR), central venous pressure
(CVP) cardiac output (CO) and systemic vascu-
lar resistance (SVR) in the five intervals men-
tioned before. Comparison between halothane
and isoflurane groups.

From the table, we noticed that MAP was
found to be significantly higher with isoflurane
than with halothane at T2 and T5. In isoflurane
group, SVR was 1003.6, 998.3, 1045.5 and
1101 dyne/cm sec in comparison to halothane
(1117.4, 2057.5, 1075.9, 1427.1). The differ-
ence was significant at T2 and T3.

Heart rate was found to be higher also with
isoflurane than with halothane at T1 through T4
(88.90, 78.80, 80.80 and 78.40 b/min) in isoflu-
rane group compared with (73.20, 73.30, 77.80
and 77.80 b/min) with halothane group. How-
ever, it was lower with isoflurane than halo-
thane at T1. The higher values of HR at T1 and
T2 were significant.

CVP was also found to be higher with iso-
flurane than with halothane at all the time inter-
vals (11.60, 15, 13.30, 11.10 and 12.20 cm
H>0) in isoflurane group, compared with
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(10.30, 11.00, 10.30, 10.80 and 9.40 cm H0)
in isoflurane group.

CO showed significantly higher values with
isoflurane than halothane at all time intervals
(6.80, 6.81, 6.44, 6.33 and 6.64 L/min) in iso-
flurane group, compared with (5.24, 5.63, 5.46,
5.63 and 5.93 L/min) in the halothane group.
As regards SVR, it was lower in isoflurane
group than halothane group at T2-T5. It was
(1003.6, 998.3, 1045.5 and 1101.0 dyne/Scm)
in isoflurane group. In comparison to halothane
(1117.4, 1057.5, 1075.9, 1427, dyne/Scm-5).
The difference was significant at T2 and T3).

Table (3) shows a comparison between the
two groups as regard changes in pulmonary he-
modynamics. Three pulmonary hemodynamic
parameters were assessed, namely, mean pul-
monary artery pressure (MPAP), pulmonary
capillary wedge pressure (PCWP) and pulmo-
nary vascular resistance (PVR) at five time in-
tervals.

MPAP were found to be higher with isoflu-
rane than with halothane. The difference was
significant at T2 and T4 (28.90 and 26.10
mmHg) in isoflurane and (26.80 and 23.10
mmHg) in the halothane group.

PCWP were found to be higher with isoflu-
rane than with halothane. The difference was
significant at T2 and T4 (18.00 and 16.00
mmHg) in isoflurane group compared with
(15.70 and 13.50 mmHg) in halothane group.

On the other hand (PVR) showed significant
decrease in isoflurane group as compared to
halothane at all time intervals (139.00, 119.00,
129.60, 128.90 and 131.70 dyne/scm-3), isoflu-
rane group and (156.20, 132.30, 141.00, 115.70
and 141.50 dyne/scm-5) in halothane group.

From Table (4), we notice that pH was
found to be significantly higher with isoflurane
than halothane at T1, T2, T3 and TS5 (7.41,
7.38, 7.39 and 7.34) in isoflurane and (7.36,
7.33, 7.34 and 7.32) in halothane group. There
was no difference at T4.

As regard PaOj, no significant difference
could be elicited at all time intervals between
both groups. Both decrease PaO; significantly
at T2-T3 comparedt to T1.

PaCO; showed higher values with isoflurane
than halothane at all time intervals. The differ-
ences were statistically significant at T1, T3, T4
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and T5 (41.90, 43.90, 42.90 and 45.20 mmHg)
in the isoflurane group and (40.20, 40.40, 38.00
m and 41.40 mmHg) in the halothane group.
However, the still higher value at T2 could not
reach significant.

Table (1): Patient demographics and operative characters.
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On the other hand, oxygen saturation (SaO»)
showed decrease in both halothane and isoflu-
rane at T2-T3 intervals, but the decrease is
more significant in halothane than isoflurane

group.

. Group A Group B
Variable
Mean St. dev Mean St. dev
Age 61.10 +7.73 60.70 +6.60
Weight 76.70 +7.21 83.60 +7.03
Height 169.10 +4.45 172.60 +4.92
Operation time 291 0.5 2.62 +0.23
Data are: Mean & S.D.
* Significant (p < 0.05).
Table (2): Systemic haemodynamic: Comparison between group A (halothane) and group B (isoflurane).
Group A Group B
Variable Time p value
Mean St. dev Mean St. dev
MAP (mmHg) Tl 83.30* +10.42% 100.40* +9.48* 0.00*
T2 78.50* +14.08* 96.00* +7.12% 0.00*
T3 76.90* 16.28* 85.40* 16.94* 0.00*
T4 79.50* +8.45% 86.40* +6.05* 0.00*
T5 89.30* +10.19 92.30 17.28%* 0.29
HR (beat/min) Tl 3.20%* +7.85% 88.90* +5.55% 0.01*
T2 73.70* 18.74% 78.80* +5.59* 0.03*
T3 77.80 +5.00 80.80 15.16* 0.06
T4 77.80 +5.78 78.40 +5.43% 0.73
T5 89.20* +11.72 80.40 15.49% 0.00*
CVP (cm H70) Tl 10.30 +2.83 11.60 +2.25 0.11
T2 11.00%* +3.94* 15.00* +1.89* 0.00*
T3 10.30* +2.79 13.30* +2.05* 0.00*
T4 10.80 +2.50 11.10 +1.68* 0.65
T5 9.40* +3.01%* 12.20%* +2.33* 0.00*
CO (I/min) T1 5.24* +0.37* 6.80* 16.41% 0.00*
T2 5.36* +0.61* 6.81%* +0.42* 0.00*
T3 5.46* +0.40 6.44* +0.32* 0.00*
T4 5.63* +0.42* 6.33* +0.33* 0.00*
T5 5.93% +0.46%* 6.64* +0.37* 0.00*
SVR (dyne-cm?/sec-3) T1 1201.90* +27.02 1127.70* +5.76* 0.00*
T2 1117.40* +84.91* 1003.60%* 16.34* 0.00%*
T3 1057.50* 195.82% 998.30* +17.21%* 0.00*
T4 1075.90 +89.49 1045.50 +5.79 0.13
T5 1427.10 +89.77 1101.00 +8.05* 0.11

Data are Mean, S.D. and comaprison between the two groups.

* Significant (p < 0.05).
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Table (3): Pulmonary hemodynamics: Comparison between group A (halothane) and group B (isoflurane).
Group A Group B
Variable Time p value
Mean St. dev Mean St. dev

MPAP (mmHg) T1 24.10 +3.50 23.90 +3.16 0.85
T2 26.80 +4.51 28.90* +3.56* 0.11*
T3 24.10 +2.95 26.10 +3.35 0.05
T4 23.10% +2.77*% 26.10* +3.35% 0.00*
T5 25.00 +3.11 25.10 +3.35 0.92

PCWP (mmHg) T1 14.10 +2.53 14.20 +2.66 0.90
T2 15.70* +3.24% 18.00* +3.04* 0.02*
T3 14.20 +3.03 16.00 +3.04 0.06
T4 13.50%* +3.25% 16.00* +3.04* 0.01*
T5 13.40 +2.39 14.90 +3.16 0.09

PVR (dyne cm/sec-3) T1 156.20* +17.34%* 139.00* 16.63* 0.00*
T2 132.30* +17.63%* 119.00* +6.63* 0.00*
T3 141.00* +16.00%* 129.60* +7.15% 0.00*
T4 115.70* 18.44% 128.90* +6.70* 0.00*
T5 141.50* +17.73%* 131.70* +7.03* 0.02

Data are Mean, S.D., comaprison between the two groups.

* Significant (p < 0.05).

Table (4): Blood gas changes: Comparison between group A (halothane) and group B (isoflurane).

Group A Group B
Variable Time p value
Mean St. dev Mean St. dev

PH T1 7.39% +0.03* 7.41% +0.02* 0.00*
T2 7.33% +0.04* 7.38* +0.02* 0.00*
T3 7.34% +0.02%* 7.39% +0.03* 0.00*
T4 7.38 +0.12 7.38 +0.02 0.08
T5 7.32% +0.02* 7.34% +0.02* 0.01*

PaO; (mmHg) T1 349.30 +94.88 302.30 +183.46 0.31
T2 226.70 +75.55 180.60 +90.26 0.08
T3 226.70 +61.23 211.50 +62.15 0.80
T4 297.20* +83.07* 345.00* +50.35 0.01*
T5 291.80* 184.60* 318.40* +42.36%* 0.00*

PaCO, (mmHg) T1 40.20* +2.04%* 41.90* +2.26* 0.01*
T2 41.20 +3.27% 42.80 +4.95 0.18
T3 40.40* +2.43% 43.90* +2.73* 0.00%*
T4 38.00* +2.20% 42.90* +2.61* 0.00*
T5 41.40* +3.89* 45.200* +2.19% 0.00*

Sa0; (%) T1 98.74* +0.74 99.35% +0.73* 0.01*
T2 96.66* +2.45% 98.29* +0.70* 0.00*
T3 96.58%* +1.71% 97.99* +0.86* 0.00*
T4 98.12* +1.20% 99.13* +0.69* 0.00*
T5 98.15% +0.98%* 99.03* +0.69* 0.00*

Data are Mean, S.D., comaprison between the two groups.

* Significant (p < 0.05).
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DISCUSSION

One of the homeostatic mechanisms preserv-
ing arterial oxygenation during one lung venti-
lation (OLV) is active pulmonary vasoconstric-
tion of pulmonary vessels with resultant
diversion of blood flow away from the hypoxic
area. It is called hypoxic pulmonary vasocon-
striction (HPV) [6].

This HPV is considered to be an important
mechanism by which blood flow is diverted to
normoxic areas, which result in minimizing ve-
nous admixture and increasing arterial oxygen
tension.

One lung ventilation is required for thoracic
operations to facilitate the performance of tho-
racic surgery [2]. Adequate arterial oxygen ten-
sion is not achieved in some patients despite an
accurately placed endobronchial tube and high
inspired oxygen during OLV [20]. Minor chang-
es in arterial oxygen tension caused by changes
in the anaesthetic techniques may be important
in these patients.

The effect of anesthesia and OLV on arterial
oxygenation are complex and not fully under-
stood. During OLV, adequate oxygenation can
be a concern especially in supine position [4]
and in patients with poor pre-existing lung
function. Our work contains a well controlled
study of comparison between halothane and
isoflurane on HPV.

We studied forty patients undergoing elec-
tive thoracotomy for lung resection.

Patients in group 1 (n = 20) received 1 MAC
halothane in oxygen and group 2 (n = 20) re-
ceived 1 MAC isoflurane in oxygen. We no-
ticed that the incidence of hypotension (MAP
40-60 mmHg) and bradycardia (HR = 50-60 b/
min) were greater in halothane group compared
to isoflurane group at T1 to T4 interval. This
may be due to negative inotropic effects of hal-
othane on cardiac muscle [10].

Central venous pressure remains constant in
patients anaesthetized with halothane in con-
trast to modest but significant increase in this
variable in patients anaesthetized with isoflu-
rane. This is supported by previous results dem-
onstrating that OLV produces small increase in
CVP during isoflurane anaesthesia [8].

Cardiac output [10] was found to be higher
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with isoflurane than halothane group. The de-
crease in CO during halothane anaesthesia due
to more myocardial depressant effects of halo-
thane than isoflurane at the same MAC.

The decrease in systemic vascular resistance
with isoflurane in comparison with halothane
was due to vasodilator effect of isoflurane
[14,17].

Mean pulmonary artery pressure (MPAP)
and pulmonary capillary wedge pressure
(PCWP) were higher in both groups at T2 and
T4 but more with isoflurane than halothane.
This may be due to sympathetic stimulation and
its effect on pulmonary vasculature [1]. The de-
crease in pulmonary vascular resistance (PVR)
in isoflurane group was due to the vasodilator
effect of isoflurane.

During OLV, the presence of right to left
shunt in the upper lung results in an increased
measured physiological dead space and may be
expected to increase in PaCO» that occurs after
initiation of OLV [1,16].

This work indicates that halothane produces
a decrease in arterial oxygenation in patients
during OLV at T2 and T3. These changes are
indistinguishable from those observed during
isoflurane anaesthesia. These changes are ac-
companied by similar changes in oxygen satu-
ration at the same time intervals [3,18].

The absence of difference in PaO, between
halothane and isoflurane is because of better
preservation of cardiac output during isoflurane
anaesthesia compensating for its direct inhibi-
tion of hypoxic pulmonary vasoconstriction
[7,15].

In support of this we were able to demon-
strate a significantly higher cardiac output dur-
ing isoflurane anaesthesia. Since all potent in-
halational agents directly inhibit hypoxic
pulmonary vasoconstriction [11,13] at different
levels. The difference in PaO; between the vari-
ous inhalational agents is related to their diffe-
rential depression of cardiac output. On the oth-
er hand the presence of vascular changes,
intimal fibrosis and wall thickening of pulmo-
nary vessels due to aging, smoking or chronic
hypoxia may alter the mechanism of HPV.

In conclusion, from our work, no difference
had been found between halothane and isoflu-
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rane on arterial oxygenation during one lung an-
esthesia in spite of their variable effects on hy-
poxic pulmonary vasoconstriction.

10-
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