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Effects of Halothane Anesthesia on Functional
Residual Capacity and Alveolar—Arterial

Oxygen Tension Difference

Robert F. Hickey, M.D.,* William D. Visick, M.D.,7
H. Barrie Fairley, M.B.,; Henry E. Fourcade, M.D.*

Functional residual capacity (FRC) and alveolar-
to-arterial oxygen tension difference (A-aDa.) were
measured and compared in 16 patients prior to
and during halothane:oxygen anesthesia with spon-
taneous respiration.  After an hour of anesthesia
(end-tidal halothane 1.0 per cent), FRC had de-
creased to 81 per cent of awake control values
{range 50-104 per cent) and A-aD., had increased
from a preoperative value of 145 to 232 torr.
The decrease in FRC correlated inversely with the
changes in A-aDy. (r =0.63, P <0.01). Obese
patients and those who had low preoperative
values of per cent forced expiratory volume in
one sccond (FEV:o/FVC) had the greatest de-
creases in FRC. The authors conclude that al-
though FRC and A-aD.. show inverse changes
neither can be used to predict the absolute
changes in the other: decreases in FRC during
anesthesia are associated with obesity and reduc-
tion in forced air flow. (Key words: Functional

residual capacity; Alveolar-arterial oxygen ten-
sion difference: Haloth sthesia: Pul, v

shunting.)

MeasvremeNT of the effects of anesthesia on
functional residual capacity (FRC) in man
has produced conflicting results. Colgan and
Whang® found no significant changes in FRC
in patients anesthetized with halothane and
breathing spontaneously. In contrast, Don and
co-workers ? found significant decreases in FRC
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in patients similarly anesthetized, and corre-
Iated this reduction with body build. Should
decreases in FRC occur during anesthesia, the
resultant effect may be impairment of pulmo-
nary oxygen exchange.

The purpose of this study was to measure
and compare the effects of halothane-oxygen
anesthesia on FRC and alveolar-to-arterial oxy-
gen tension differences (A-aD,,.) in man. In
addition, we examined the relationship of
changes in FRC to forced vital capacity, body
build, age, anesthesia-induced changes in ven-
tilation, and finally. the effect of endotracheal
intubation.

Method

Sixteen patients without clinical evidence of
pulmonary disease undergoing operations out-
side the thorax or upper abdomen were
studied. Signed consent was obtained from
the patients, and the protocol of the study
was approved by the appropriate committee of
the university.

After premedication with pentobarbital (75—
125 mg) and atropine (0.4-0.6 mg). measure-
ments of minute ventilation, vital capacity.
tidal volume, timed vital capacity, FRC, and
arterial Py, Peq,, and pH were made. Anes-
thesia was induced with sodium thiopental.
150 to 300 mg, and maintained with halo-
thane—oxygen using a conventional circle sys-
tem with CO. absorber. End-tidal halothane
concentrations were measured and held con-
stant for each patient (range 0.71-1.40 vol
per cent).

The tracheas of nine patients were intubated
following 60-S0 mg succinyvicholine; in the re-
maining seven patients, anesthesia was ad-
ministered via a face mask. Except for the
brief period of neuromuscular paralysis, venti-
lation was spontaneous thronghout the study
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period. Measurements of FRC and arterial
Po.» Peo. and pH were made during opera-
tion, 20—40 and 30-70 minutes after induc-
tion.

Preoperatively, arterial blood was drawn
after the patients had breathed pure oxygen
through a mouthpiece connected to a one-way
valve for 10 minutes. Samples were drawn in
heparinized glass syringes, placed in ice, and
analyzed for Po,, Peo, and pH within two
hours of sampling. Samples were corrected
for changes produced by time and tempera-
ture.> A blood-gas factor for the oxvgen
electrode was obtained daily using a tonome-
ter and a 30 per cent mixture of glycerol in
water.*

FRC was measured by a closed-system he-
ljum-dilution method employing a catharome-
ter and spirometer.> Preoperative duplicate
measurements were made as the patients
breathed room air and the spirometer filled
with room air. During measurement, oxygen
was added to the system to maintain the vol-
ume constant. Intraoperatively, the spirome-
ter was filled with oxygen and connected by
means of a three-way valve such that the pa-
tient’s airway could be connected to either
the anesthetic circle system or the spirometer.
Corrections were made for errors arising from
starting the measurements of lung volume at
points other than end-expiration. As described
by Colgan et al. halothane decreased the
catharometer reading. Halothane concentra-
tions were measured by an infrared analyzer
calibrated as previously described * and a cor-
rection applied for the effects of halothane on
the catharometer. Our determination of the
correction factor for the effects of halothane
on the catharometer agreed exactly with that
reported by Colgan and co-workers.®

Results

FRC and A-aD,,, 20 to 40 minutes after in-
duction of anesthesia were significantly differ-
ent from awake control values (table 1). FRC
decreased to 87 per cent of the value in awake
controls and A-aD,,, increased by 63 torr. A
further small but significant decrease in FRC
occurred 30 to 70 minutes after induction.
Corresponding values of A-aD,,, were not sig-
nificantly different from those found 20 to 40
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TabLe 1. Effects of Anesthesia on FRC and
A-aDos:, 16 Patients (Mean == SE; Differ-
ences IExamined by Analysis of Varianee)

‘ Anesthesia

i Awake

i 20-10 min 50-70 min
FRC () | 2am 2151 | 2013t

p =0.034 =0.207 0.172
A-aDo: (torn 145 205+ | 232

=15 | =95 | =35
3

* Significantly different from control, PP < 0.01.

1 Significantly different from control, P < 0.001.

§ Significantly  different from 20-$0-min value,
P <0.05

LEffects of Anesthetic Technique on FRC
~aD —70 Minutes after Induction
of Anesthesia (AMean == SE)

Intubated | Face Ma-k
(n =9 (n=%
i b
FRC (per cent of awake ! : el
control) P26
AA-aDo: (torr) (anesthetized 78 105
minus controly Vo0, 242

minutes after induction. Those patients who
had decreases in lung volume also tended to
have increases in A-aDg,; a linear inverse cor-
relation between these variables is shown in
figure 1.

There were no differences in FRC or A-aD,,
changes in those patients whose tracheas were
intubated compared with those anesthetized
using a face mask (table 2). Heavy, short pa-
tients and patients with low per cent FEV,
values had the largest decreases in FRC follow-
ing induction of anesthesia. Patients studied
had FEV, (’FVC ratios that ranged from 37
to 90 per cent, or 83 to 112 per cent of the
predicted normal values. Mean of predicted
normal was 100.1 =9.1 SD per cent of nor-
mal. The multiple regression equation for the
effect of body build (height (cm)/weight
(kg)) and per cent FEV,, on FRC is: FRC
(anesthesia) /FRC (awake) X 100 =29.8 (ht’
wt) + L1 (per cent FEV,,) —78.9. Partial
correlation coefficients are height/weight r=
0.75: per cent FEV, o r=0.73. The multiple
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correlation cvefficient for both variubles on
FRCisr=0.84 (P < 0.001). Figure 2 shows
the effect of body build weighted for per cent
FEV; 4 on reduction in FRC.

The patients ranged in age from 21 to 74
vears, with a mean age of 45 (+£SD 17) vears.
No relationship between the age of the pa-
tient and the magnitude of the decrease in
FRC occurring during anesthesia could be
demonstrated by regression analysis. Mean
values and ranges of Paq., minute ventilation
(Vg), and tidal volume (Vr), measured while
awake and 50-70 minutes after induction, are
shown in table 3. Although large changes in
Paco, and Vp occurred during anesthesia, no
relationship between changes in these vari-
ables and decreases in FRC was found.

Discussion

Our finding that FRC decreases with anes-
thesia in certain patients agrees with the work
reported by Don and co-workers,* but appears
to conflict with the findings reported by Colgan
and Whang? Don et dl. studied 11 patients
and found a mean decrease in FRC to 69 per
cent of that measured before induction of an-
esthesia. Colgan and Whang studied eight
patients and found that FRC and A-aD,, in
the awake patient and an hour after induction
of anesthesia were not significantly different.
Both Don and Colgan studied patients who
were lightly anesthetized with halothane-oxy-

gen and were breathing spontaneously. One
possible explanation for the difference in re-
sults was the administration of succinylcho-
line and the presence of an endotracheal tube
in Don’s patients, whereas Colgan adminis-
tered anesthesia via face mask. Indeed, Laws$
found a reduction in FRC following induction
of anesthesia and muscle paralysis with suc-
cinylcholine. FRC is determined by the bal-
ance of chest-wall and lung forces. It is gen-
erally agreed that in conscious man in the
sitting position at FRC there is neither in-
spiratory nor expiratory muscle tone in the
chest wall or diaphragm. Information con-
cerning muscle tone at FRC in the supine po-
sition or in the supine position during anes-
thesia is not complete. If at end-expiration
expiratory muscle tone were increased or in-
spiratory muscle tone diminished, then FRC
would be decreased. An increase in expira-
torv muscle activity elicited by the presence
of an endotracheal tube would contribute to a
decrease in FRC. Similarly, if inspiratory mus-
cle tone predominated, its removal by tempo-
rary paralysis with succinylcholine would re-
duce FRC. Findings in the present study
indicate that even when succinylcholine and
endotracheal intubation are not used, FRC
will still decrease (table 2). The patients in
this study who had relatively asthenic body
builds and high per cent FEV, , values had
neither decreased FRC nor increased A-aDg,.
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If Colgan and Whang's patients had similarly
favorable characteristics, then the difference
in findings can be attributed to selection of
patients.

This study confirms the previously reported
finding that relative obesity (low height/
weight ratio) correlates with the reduction of
FRC found during anesthesia.” In that study,
Don et al. postulated that the combination of
obesity and anesthesia might accentuate air-
way closure, thus sequestering a portion of
lung volume from measurement by inert gas
dilution. In the present study the reduction
in FRC also correlated with preoperative re-
duction in forced air flow. One mechanism
for reduction in forced air flow is a loss of
clastic recoil of the lung.® A loss of elastic
recoil of the lung is also found in subjects who
have airway closure during normal tidal ven-
tilation.2® Thus, a common factor, loss of lung
elastic recoil, exists in subjects who have low
forced air flow and those who have airway
closure at Iung volumes near FRC. Whether
or not airway closure is an jmportant mecha-
nism of the reduction of FRC seen with anes-
thesia is unknown.

Reductions in Vo and alveolar ventilation
{V4) induced by anecsthesia failed to correlate
with reduction of FRC. Nevertheless, it should
not be assumed that these changes in ventila-
tion would not be causal in reduction of FRC.
All patients had reductions in Vi and V, but
these reductions may have affected FRC only
in those patients with specific characteristics

such as obesity and reduced elastic recoil of
the lung. If so, anesthesia with controlled
ventilation and maintenance of Vyp and V,
should prevent or minimize reduction in FRC.

An increase in A-aDg, may be found if ve-
nous admixture increases, mixed venous oxy-
gen saturation decreases, or ventilation-to-per-
fusion abnormalities occur. The high inspired
oxygen concentration breathed in this study
would prevent any significant increase in
A-aDg, from ventilation-to-perfusion abnor-
malities.’* No measurements of mixed venous
saturation were made so pulmonary shunt
cannot be calculated directly. In other stud-
ies where measurements of mixed venous oxy-
gen have been made, the increased A-aD,.
occurring with anesthesia was of similar mag-
nitude to those found in this study, and
resulted mainly from increased pulmonary
shunt.1? 13

Why should a decrease in FRC be asso-
ciated with an increase in A-aD,,? Evidence
from studies of seated awake man indicates
that both ventilation and perfusion decrease
in dependent areas of the lung as the subjects
voluntarily decrease their lung volumes below
FRC. Sutherland and co-workers,' in studies
with inhaled 133Xe, found areas of zero venti-
lation in dependent lung at a lung volume be-
low FRC. They related this zero ventilation
to airway closure and stated that in their sub-
jects airway closure began at 46 per cent total
lung capacity and that at residual volume
about half the lung units were closed. Hughes
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TasLe 3. The Effects of Anesthesia on Ventilation, 4.

16 Patients (Alean =% SE)

Awake 1 Anesthetized

Control ! 50-70 Min 5.
Paco, (torr) 39.8=11 | A2
Ve (I/min) 8.1 == 0.4 7
Vr (ml) 580 = 36 248

(=]

et al.’> using injected 23Xe, demonstrated
that at lung volumes below FRC pulmonary
perfusion was reduced but maintained to de-
pendent lung. Further evidence of the effect
of reduction of FRC on gas exchange is pro-
vided by the work of Craig ¢t al.*® These in-

vestigators measured FRC, the volume of the 8.
lung at which airways close {closing volume),
and pulmonary shunt in awake seated man.
They then reduced FRC by moving their sub- g,

jects from the seated to the supine position
and repeated the measurements. They found
that when FRC was less than closing volume, 10
significant increased pulmonary shunting oc-
curred. Thus, from information obtained in
unanesthetized man, an inverse correlation be-
tween FRC and A-aDy, could be predicted. 1
However, the linear inverse correlation be-
tween FRC and A-aD, found in the present
study was such that one variable was a poor
predictor of the other (r=0.63, fig. 1).
Finally, although changes in FRC and
A-aDyg, have important implications in the con-
duct of anesthesia, the times of recovery from 13
these changes and their relation to postopera-
tive morbidity are still unknown.
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