Failure of Enflurane and Halothane Anesthesia
to Inhibit Lymphocyte Transformation
in Volunteers
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Changes in the peripheral blood leukocyte count
and in the ability of lvmphocytes to transform in
response to phytohemagglutinin were studied in
healthy volunteers undergoing prolonged enflurane
or halothane anesthesia without coincident surgical
operation. Anesthesia was associated with a modest
leukocytosis that persisted into the first post-
anesthetic day, primarily due to an influx of
neutrophils into the circulation. There was no
significant altertion, cither during or following

in the ability of the volunteers’ lym-
T

anesth
phocytes to form in resy 1
glutinin when compared with either preanesthetic
values or unanesthetized controls. Depression of
Iymphocyte transformation does notappearto follow
prolonged enflurane or halothane anesthesia in the
absence of a surgical procedure. (Key words: Im-
mune response. volatile anestheties: Blood. leu-
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THE INAVITEO DETERMINATION of the ability of
Iymphocytes to r(wp()n(l to specific antigens or
nonspecific mitozens is commonly acceptedas
Hi l"('”l(id f()r il\,\('\\i"'_’ il“lll"“()ll)'_’i(‘ ¢om-
peteney.! Since the lymphoeyte plays a central
role in specific immunity to foreitmn antigens,
4 deficieney in this phase of the immune
response suggests a predisposition to malig-

naney or infection,

Depression of lymphoceyte transformation
has been reported to ocenr inman after anes-
thesiaand operation. Itis demonstrable within @
two hours of induction of anesthesia® maximal g
in the immediate postoperative period md
as long as three weeks.t This 5
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persists for
reduced lymphocyte responsivensss is closely
correlated to the extent of surgical tramia?=>
the amount of blood Tost? and the presence
of debilitating discase.® 1t has also been sug- &
wested that anesthetic agents and tvchniqm-sg
do not affect lymphoeyte trnstormation™': 55
however, the influence of general anesthesia S
in the absence of coincidental operation has &
not been determined. In this report we de-8
seribe the effects of general anesthesia withe
enflurane or  halothane. administered mg
h(-u]thy\'uluntcurs.nnl,\'mplmc_\'tctmnsﬁmnu-c‘
tion and the peripheral bload lenkoeyte count.
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Methods and Materials =

Enflurane or halothane anesthesia was wd-8
ministered to unpremedicated human volun
teers in San Dicgo. The protocol for the
studies was approved by the Human Re-
cearch Committees of the Veterans Adminis-
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tration Hospital and University of California,
San Dicwo
obtained from cach \\ll)jl'tl.

Auesthesia was induced by inhalation, with
end-tidal anesthetic was concentrations main-
tained between 1.0 and 2.0 MAC for cach
anesthetic agent. Total anesthesia time was 5
Seven volinteers were anesthe-

A detailed informed consent was

to 7 hours.
tized with halothane in ovyuen. They re
noadditional medication and were maintained
cucapnic by contralled  ventilation.  Nine
volunteers were anesthetized with enflurane

cived

immediately hefore, midway through, at the
end of. one day after, and five dayvs after
the procedure. The samples were airmailed
at room temperature to Scattle, where they
were put immediately into culture.
Lymphocyte transformation in response to
phytohemagglutinin (PIEA) was assessed by
the whole-blood techuigne of Pauly ef ol
as outlined i detail  previoushy® Brietly,
the leukoeyte count was determined electroni-
cally. the percentage lymphoeytes counted.
and @ sample of whole bload diluted in un-
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in oxyeen eacept for two periods when the
carrier gas was changed to 70 per cent nitrous
oxide in oxygen. Three of the nine enflurane
volunteers eich received asingle dose of sue-
cinyvlcholine to tacilitate endotmcheal intuba-
tion. While controlled ventilation was used
throughout most of the study to maintain Pago,
at nommal levels, cach enflurane volunteer
was allowed to breathe spontancously for two
periods. carly and late during the anesthesia
to assess the effects of the anesthetic on
respintory function.

Heparinized blood was obtained from the
\‘(‘]““ll‘l‘r.\ ill"l \i""l]tl"l('l"l\l.\' [‘r(l"l H} (’l"”l)i“"
able group of unanesthetized control snbjects

supplemented  RPMI-1640 enlture: medium ©
(Grand Island Biological Co.) to a concentr- §

tion of 107 Iviphoeytes per ml Three- mlo
volumes of the suspension were then pipetted o
into polypropylene tubes (Falcon pl quc:.
#2063) and 10 gy of PHA (Burroughs Well- g

come) were added to each of seven of the teng

tubes prepared for each blood  sample. @
Lymphoceytes were incnbated for five (L\\xo

at 37 C in an atmosphere of 3 per cent COy O
in air. Tritiated thymidine (1 gCi was adde 9
to each enlture vessel 24 hours prior to the§
end of the incubation period. The extenty
of lymphoeyte tranformation was quantitated 9
in at liquid scintillation connterand expressed



¥
. D 1976
cither as o percentage of the preanesthetic
value for each individual or as a mitogenic
index where:

Mitogenic index

DR of stimulated enltures (PHA added)

DPAL of imstimulated cultures (no PHA)

The lymphoceytic response of
volunteers wats also assessed independently
by one of us (R.B.) in San Dicgo, using the
method of Purk and Good.¥ These specimens
were enltured immediately, avoiding any in-
fluence of delays associated with trmsport of
cells to Seattle.

Data were analyzed statistically by Stu-
dent's t test for paired data, comparing the ve-
sponses during and after anesthesia w ith pre-
anesthetie values, and by Student’s t test for
unpaired data, comparing the response of
volunteers  with that simultanconsty-
sampled unanesthetized controls. The level of
> < (.05,

halothane

of
significance was accepted as

Results

varia-

Due to mailing difficulties. there was
tion in the intervals from drawing the speci-
mens to establishing the cultures, In general,
delays were similar for enfluranc-auesthetized

LYMPHOCYTES WITH ENFLURANE OR HALOTHANE

663

volunteers and awake controls, but they dif-
fered at the initial and mid-anesthesia san-
pling periods (table D, In addition. only twog
specimens were received from umanesthetize -d3
controls on days 1 and 3 of the enflurancg
study, making these results of little valued
Similar time-related variability was not hmnd*
in the halothane study (table 2) 3
General anesthesia was .n.snultcd with aZ
light leukoevtosis that persisted into the firsf2
postanesthetic day. Although this was not \iu-g
nificant for the halothane volunteers, it Wi
valid for those receiving enflurmne comparec %
with hoth preanesthetic values and values for®
unanesthetized controls, The inereased leuko-g
evte count was mainly due to an intlux uf“
neutrophils, although Iymphocytosis was .11\15
apparent in the enflurane volunteers. 5
Lymphocyte trnsformation, expre sssed .|~r|>
percentage of preanesthetic levels, increase (1:r
during enflurane anesthesia, but was not <
nificant. (table 1} Because awake subjee
demonstrated a similar ¢ w0 in lr.mxlnrnm=<
tion, a normal diurnal variation is \u'_'gc\kd?i
When expressed as a mitogenic indes. therdg
was a similar increased trmsformation durm'_g
enflurane anesthesia that was not as obvionsg
in unanesthetized controls. Indeed. the mitnﬂ
wenic index was significantly greater in ane 5D

2

N

TanLE 2. Effects of Halothane in Human Volunteers (Mean = SE) §
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—

Hours until into culture >
Anesthesia (Greup I) 386 =43 126= 52| 394= 95 7.&
No anesthesia (Group 11) 384 =145 393 = 36 | 394 = 935 T.%

)

£

No value was significantly different from the corresponding unanesthetized control value (£ = 0.03).
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thetized than in control subjects at the mid-
anesthesia sampling This single sta-
lid difterence may he due, in part,
variation in times between sam-

period.

to the large v
plingand establishing the enltures forthe mid-
anesthesia specimens.

Halothane anesthes
no significant change in lymphocyte transfor-
mation, expressed either as percentage of pre-
anesthetic value or as mitogenic index
(table 2). At the end of anesthesia there was
a tendency toward slight depression of trans-
formation. which returmned to control valnes by
dayv 5. A normal diumal variation was again
seen in control subjects but was not demon-
strable in volunteers given halothane. There
wits, however, no statistically significant dif-
ference between the responses of anesthetized
and unanesthetized individuals at any time.

Similar results for halothane volunteers
were obtained in our San Diego laboratories
using the method of Park and Good. There
was no significant alteration in lymphocyte
transfonmation during or after halothane anes-
thesia when cells were cultured without the
delay associated with mailing to Seattle.

Lwas associated with

Discussion
Anesthetic agents are capable of many cel-
lular effects, and it is reasonable to fmpli-
cate them in postoperative immune deficiency
states. While lviphoceyte transformation is in-

hibited by halothane in vitro. the duration of

exposure to clinically relevant concentrations
must exceed 24 hours.™1 The present study
demonstrates that halothane orenflurine anes-
thesia in man is not ed with altera-
tions in lvmphocyvte trmmsformation in re-
sponse to PHA. These results corroborate
similar observations by Kanto'™ and Cullen®
who observed no abnormality of lymphocyte
function when patients underwent minor
operations with brief anesthesias

Although the response of volunteers anes-
thetized with either agent was not associated
with any significant difference from the re-
sponse of unanesthetized controls. the data
suggest that enflurune tends to augment trans-
formation and halothane to reduce transforma-
tion. Assuming that inhibition of lvmphocyte
transformation is harmful, these differenc
suggest that enflurane may be more benefi-
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cind than halothane. Ttowever, the data do
not allow valid comparisons of this type
since the volunteers in the two studies were
not the same and the experimental protocols
differed slightly, Fint, total anesthetic ex-
posure was greater for the lalothane volun-
teers (mean = SEM 137 = 0.8 MAC- hours) 8
than for the enflurane volunteers (9.6 = (425
AMACG-hours). Second. the enflurane volunteers 5
were subjected to periods of inhalation of ni-3
trons oxide with a reduced inspired osygeng
tension. Nitrons oxide has been associated iy,
with reduced Iymphocyte transformation in§
human volunteers™ but not in vitro.’™ How-
ever. the reduction in vivo correlated with
the adrenal cortical response to light anesthe-g
sin rather than a direet effect of nitrons
oxide. Third, volunteers receiving enflurane
were \'uhimlu(l to two periods during whicha
their Pace, s rose to more than 70 torr. llll\ﬂ!
stress wis not given to the \lll)l(‘cl\ receiv-
ing halothane, Finally, the time from blood8
callection to placement of cells into cnlture
in the enflurane study.
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was more varied
Although Ivmphocytes remain viable for at
least 37 hours at room temperature™™ with
little effect on T-cell responsiveness,™ subtle
differences in lvmphocvte reactivity at the ex-
tremes of ;lcvvpt;lhlu time intervals may, in®
part. acconnt for the different trends \\'ilhg
different drugs. However, the similarity of X
results when cells cultured in Seattle were
compared with those cultured in San Diego
sugeests that the delay in mailing samples 8
wits not a significant factor.

In conclusion, we feel that no significant &
immunosuppression, as assessed by lenkoeyte
count and by PHA-induced lymphoceyte trans-
formation, has been demonstrated in volun-
teers anesthetized with either halothane or
enflurme in the absence of operation. The
impaired Ivmphocytic responsiveness associ-g
ated with operation must therefore be second-§
ary to other aspeets of the procedure, most g
probably neurohumoral responses to surai |l©
stress. 2 The anesthetic drugs appear to aftect
immune competence more by moditying the g
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response to this surgical stress than by any 2
direet effeet on immunocompetent lvmpho-©
cyvtes.

The ml(lmr\ are indebted to Mr. Scott Mattern,

Mr. il and Mr Howard Prestidee X
for their h-dmxc:nl assistance.

20z I1dY 6




Anesthesnlogy
V15, Nob, Dec 1976

LYMPHOCYTES WITH E

References

. Naspitz CK. Richter Mz The action of phyto-
henutgglotinin in vivo and in vitro, a review.
Prog Allerey 1 -85, 1968

2. fubert AV, Lee ET, Herdh ENL et al: Effects of

wirgery, anesthesia and intraoperative blood

Toss on immunocompetence. | Sunz Res 15:

03, 1973

. Brody T1, Wallace HA, et al: Immuno-

suppressive effect of surgery. Lancet 1:53-

55, 1971

. Bergman $. Borgstrom 8, Tamvik A: Lymipho-
vte response to phytohaemagalutinin fol-
lowing cholecystectomy. Acta Pathal Micro-
hiol Scand 75:363-368, 1969

. Cullen BF. Van Belle G: Lymphocyte trans-
formation and changes in lenkocyte count:
Effects of anesthesia and operation. ANES-
THESIOLOGY 43:363-369. 1975

. Riddle PR. Berenbaum MC: Postoperative de-
pression of the lymphoeyte response to phyto-
haemagglutinin. Lancet: [:7T46-748, 1967

7. Berenbaum MC, Fluck PA, Hurst NP: Depres-

sion of lymphocyte responses after surgical

trauma. Br ] Exp Pathol 34:397-606, 1973

tions follow-

Ul

)

8. Riddle PR: Disturbed immune req
ing surgery. Br ] Surg 54:862-885. 1967

9. Roth JA. Golub SH. Grimm EA, et al: Effects
of operation on immune response in caneer
patients. Sequential evd ion of in vitro
Ivmphoeyte function. Surge! 9-51.1976

10. Kent JR. Geist S: Lymphacyte transformation

during operations with spinal anesthesia
ANESTHESIOLOGY 42:305-508, 1975

1. Pauly JL. Sokal JE, Hun T: Whale-hlood cul-
tire technique for functional  studies
Ivmphocyte reactivity to mitogens, antigens

'FLURANE OR HALOTHANE

of

665

and homologons lymphoceytes, J Lab Clin
Med 5 1973
. Park BH. € A: A new micro method for
evaluating Iymphocyte response to phyto-
henmgglatinin: Quantitative analysis of the
pendent cells, Proc Natl

1

tunction of thymus
Acad Sci USA 64
. Cullen BF, Sample W
effect of halothane on phytohemagelutinine
induced transtorniation of human lympho-
evtesinvitro. A 3
1972
_ Bmiee DL: Halothane inhibition of phyto-
hemagglutinin-indneed  transformation of
Ivmphocytes. ANESTHESIOLOGY 36:201-205,
1972
. Kanto J. Vapaavuori M, Vilianen MK: Mitogen-
induced  lymphocyte  transfornution after
general anesthesia. Br ] Anaesth 46:
T
. Lecky JH: Anesthesin and the immune system.
Surg Clin North Am 55:795-7499. 1975
= Bruce DL: Failure of nitrons ovide to inhibit
transformation of lymphocytes by phyto-
hemagghutinin,  ANESTHESIOLOGY  -H:
156, 1976
. Park MS. Terasaki Pl Storage of human
lymphoeytes at room  temperature. Trans-
plantation 1 0-524, 1974
. Opelz G, Terwsaki PL: Ly
Toss with retention of responsiveness.
184:464—466, 1971
Bancewiez J. Gray AC, Lindop G:
munosuppressive effect of surgery —a possi-
ble mechanisin, Br ] Surg 60:314-315, 1973
21, Wilmore DA, Long JAML Mason AD, etal: Stress
in surgical patients as a neurophysiologic
reflex response. Surg Gynecol Obstet 142:
237-269. 1976

nphocyte antigenicity
scivnee

20. The im-

$Z0Z 1dy 60 U0 159nB Aq 1pd'G1000-000Z 4926 1-Z5G0000/08 L L62/199/9/Sb/APd-5I0IHE/ABO|0ISaUISaLE/LID JIEY0I@AIS ZeSE//:dNy WO Pepeojumog




