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The Effects of Sevoflurane, Desflurane and
Propofol on the Percentages and

Activation Molecules of the Lymphocytes:
A Flow Cytometry Analysis of
Bronchoalveolar Lavage Fluid

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee:: We ai med to in ves ti ga te the ef fects of anest he si a with desf lu ra ne, se vof -
lu ra ne or pro po fol on the cell sur fa ce mar kers and the ac ti va ti on mo le cu les of the lymphocy tes
in bronc ho al ve o lar la va ge (BAL) flu id vi a flow cyto metry. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss:: Sixty pa ti ents
we re sche du led for elec ti ve sur gery. The pa ti ents we re di vi ded in to thre e gro ups (Gro up D=desf -
lu ra ne, Gro up S= se vof lu ra ne, Gro up P= pro po fol). The sa me in duc ti on agents we re used for all
gro ups. The anest he si a was ma in ta i ned with an in ha la ti on agent (1-1,5 MAC) or pro po fol (the
star ting do se 12 mg.kg-1 of pro po fol in fu si on was re du ced to 9, 6 and then 3-6 mg.kg-1). BAL was
per for med im me di a tely af ter in duc ti on of anest he si a and sur gi cal pro ce du re with a fi be rop tic
bronc hos cop. Blo od pres su res, oxy gen sa tu ra ti on, end-ti dal CO2 va lu es and mi ni mum al ve o lar
con cen tra ti on of agents we re re cor ded. The per cen ta ges of the lymphocy tes and the ir ac ti va ti on
mo le cu les we re de ter mi ned by flow cyto metry in BAL samp les. RRee  ssuullttss::  The per cen ta ges of ac-
ti ve cyto to xic T-cells (CD8+CD25+) and ac ti ve B cells (CD19+ HLA-DR+) dec re a sed af ter desf lu -
ra ne anest he si a. The per cen ta ge of cyto to xic T-cells dec re a sed af ter pro po fol anest he si a. The
anest he si a with se vof lu ra ne had no ef fect on the per cen ta ges and the ac ti va ti on mo le cu les of the
lymphocy tes in the BAL flu id. CCoonncc  lluu  ssii  oonn::  This study sho wed that desf lu ra ne and pro po fol dec -
re a sed eit her the per cen ta ges of the cell sur fa ce mar kers or the ac ti va ti on mo le cu les of the lym-
phocy tes du ring pe ri o pe ra ti ve pe ri od in a tis su e samp le whe re as the se vof lu ra ne had no ef fect on
the se pa ra me ters. We conc lu de that se vof lu ra ne has no ef fect on the lymphocy tes in the BAL
samp le. 

KKeeyy  WWoorrddss::  Bronc ho al ve o lar la va ge flu id; desf lu ra ne; se vof lu ra ne; pro po fol; flow cyto metry 

ÖÖZZEETT  AAmmaaçç::  Bron ko al ve o lar la vaj (BAL) sı vı sın da ki len fo sit le rin ak ti vas yon mo le kül le ri ve hüc re
yü zey işa ret le yi ci le ri üze ri ne desf lu ran, se vof lu ran ve ya pro po fol anes te zi si nin et ki le ri ni akım  si -
to met rik ola rak in ce le me yi amaç la dık. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr:: Elek tif cer ra hi için 60 has ta plan lan -
dı. Has ta lar üç gru ba ay rıl dı (Grup D= desf lu ran, Grup S= se vof lu ran, Grup P= pro po fol). Tüm
grup lar da ay nı in dük si yon ajan la rı kul la nıl dı. Anes te zi ida me sin de in ha las yon aja nı (1-1.5 MAK) ya
da pro po fol (in füz yo na 12 mg.kg-1 do zun da baş la nıp, 9, 6 ve da ha son ra 3-6 mg.kg-1’a azal tıl dı) kul -
la nıl dı. Anes te zi in dük si yo nu ve cer ra hi gi ri şim den he men son ra fi be rop tik bron kos kop ile BAL 
ya pıl dı. Kan ba sınç la rı, ok si jen sa tu ras yo nu, end-ti dal kar bon di ok sit de ğer le ri ve ajan la rın mi ni -
mum al ve o lar kon san tras yon la rı kay de dil di. BAL ör ne ğin de ki len fo sit oran la rı ve ak ti vas yon mo -
le kül le ri akım  si to met ri ile de ğer len di ril di. BBuull  gguu  llaarr:: Desf lu ran anes te zi sin den son ra ak tif si to tok sik
T hüc re le ri (CD8+CD25+) ve ak tif B hüc re le ri nin (CD19+ HLA-DR+) oran la rı düş tü. Pro po fol anes -
te zi sin den son ra si to tok sik T hüc re le ri nin oran la rı düş tü. Se vof lu ran anes te zi si nin BAL sı vı sın da ki
len fo sit le rin ak ti vas yon mo le kül le ri ve oran la rı üze ri ne et ki si gö rül me di. SSoo  nnuuçç::  Bu ça lış ma pe ri o -
pe ra tif dö nem es na sın da bir do ku ör ne ğin de desf lu ran ve pro po fo lün len fo sit le rin ak ti vas yon mo -
le kül le ri ya da hüc re yü zey işa ret le yi ci le ri nin oran la rı nı de ğiş tir di ği ni, se vof lu ra nın ise bu
pa ra met re ler üze ri ne et ki si nin ol ma dı ğı nı gös ter miş tir. BAL ör ne ğin de ki len fo sit ler üze ri ne se vof -
lu ra nın en az et ki li ajan ol du ğu so nu cu na var dık. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Bron ko al ve o lar la vaj sı vı sı; desf lu ran; se vof lu ran; pro po fol; akım  si to met ri  
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nest he si a and sur gery acu tely al ter the func-
ti on of the im mu ne system thro ugh a mul-
ti fac tor pro cess, inc lu ding fe ar, tis su e in jury,

hypot her mi a, drugs and blo od trans fu si ons, pa in, in-
fec ti on, hyperg li se mi a and in cre a sed stress. Each of
the se fac tors ef fects the im mu ne system, eit her by
en han cing the inf lam ma tory res pon se or by sup-
pres sing adap ti ve im mu nity af ter sur gery.1-5 Dec re -
a sed func ti on of the adap ti ve im mu nity in the early
days fol lo wing sur gery is of ten du e to a dec re a se in
to tal lymphocy te co unts, al te red T-cell sub sets, di-
mi nis hed lymphocy te pro li fe ra ti on, and a shift to
the T-hel per type 2 (Th2) cyto ki ne pro fi le.6,7

Im mu ne dysfunc ti on du e to anest he si a and
sur gery cannot be eva lu a ted pro perly be ca u se of in-
suf fi ci ent num ber of hu man stu di es. Most of the
stu di es abo ut anest he tic-re la ted im mu ne res pon se
we re eit her in vit ro or in pe rip he ral blo od cells.
The se stu di es dif fer in de sign, in the sub po pu la ti ons
of le u kocy tes and in the terms of va ri o us pat hoph -
ysi o lo gi cal cons tel la ti ons in ves ti ga ted, and thus of -
fer conf lic ting re sults.1,8-12 Pe rip he ral blo od samp les
co uld not ref lect im mu no lo gi cal ac ti vity pre ci sely
as the res pon se in the tis su e. 

The ex pres si on of CD25 on lymphocy tes, the α
c ha in of the IL-2 re cep tor, is ac cep ted as an ac ti va -
ti on mar ker on the ac ti va ted T cells. The ex pres si -
on of HLA-DR on lymphocy tes may al so be used
as anot her ac ti va ti on mar ker for T and B lympho-
cy tes. The chan ges of the se ac ti va ti on mo le cu les
within ti me might de mos tra te the func ti o nal ca pa -
city of the lymphocy tes un der dif fe rent con di ti ons
such as drugs and in fec ti ons, as ref lec ting the im-
mu ne res pon se.6,13

We co uld not find any studies abo ut the ef fects
of pro po fol, se vof lu ra ne and desf lu ra ne on the blo od
cells in bronc ho al ve o lar la va ge (BAL), a tis su e-de ri -
ved samp le, in the li te ra tu re. We ha ve stu di ed the in
vi vo ef fects of va ri o us anest he tic agents on the cell
sur fa ce mar kers and the ac ti va ti on mo le cu les of the
lymphocy tes in BAL vi a fo ur co lor flow cyto metry. 

MA TE RI AL AND MET HODS
This study was ap pro ved by the lo cal et hics com-
mit te e of the Sel cuk Uni ver sity, Me ram Me di cal Fa -
culty. All study pa ti ents ga ve their writ ten in for med

con sents. Between Sep tem ber 2006 and Feb ru ary
2007, 60 ASA physi cal sta tus I pa ti ents, bet we en 18
and 40 ye ars of age sche du led for elec ti ve plas tic
and re cons truc ti ve sur gery we re stu di ed. Exc lu si on
cri te ri a we re ma lig nant or chro nic inf lam ma tory di -
se a se, ana e mi a (h e mog lo bin < 10 g dl-1), car di o vas -
cu lar or res pi ra tory di se a se, smo king, en doc ri ne and
im mu ne system di se a se, he pa tic or re nal di se a se,
and chro nic the rapy with, or abu se of, ben zo di a ze -
pi nes or opi o ids. The pa ti ents we re ran domly as sig -
ned to one of thre e gro ups (Gro up D= Desf lu ra ne,
Gro up S= Se vof lu ra ne, Gro up P= Pro po fol, n= 20
each). Pa ti ents we re pre me di ca ted with in tra mus -
cu lar (im) di a ze pam (10 mg) and at ro pi ne (0.5 mg)
one ho ur be fo re sur gery. The he art ra te (HR), sys-
to lic (SBP) and di as to lic blo od pres su re (DBP), oxy-
gen sa tu ra ti on (SpO2), end-ti dal CO2 (ET CO2)
va lu es and mi ni mum al ve o lar con cen tra ti on (MAC)
of desf lu ra ne and se vof lu ra ne we re con ti nu o usly
mo ni to ri zed. Anest he si a was in du ced with 2-3 mg.
kg-1 pro po fol (Pro po fol 1% Fre se ni us Ka bi ®) and 1
mcg.kg -1 fen tanyl (Fen tanyl cit rat USP Ab bott®) ad-
mi nis te red in tra ve no usly (IV), and musc le re la xa ti -
on was ac hi e ved with ro cu ro ni um bro mi de (0.6
mg.kg-1, Es me ron Or ga non®). Then the trac he a was
in tu ba ted. The pa ti ents we re ven ti la ted with a lung
pro tec ti ve ven ti la ti on stra tegy [VT= 8-10 ml.kg -1,
10-12 /min, PE EP= 4 cm H2O, pe ak air way pres su -
re=15-20 cm H2O (Dra ger Pri mus)]. Anest he si a was
ma in ta i ned with eit her vo la ti le anest he tics (1-1.5
MAC desf lu ra ne or se vof lu ra ne in 50% O2-air, to tal
flow 4 L.min-1) or pro po fol. For the pro po fol gro up,
anest he si a was ma in ta i ned with 12 mg kg-1 h-1 pro -
po fol for the first 20 min, 9 mg kg-1 h-1 for the se c-
ond 20 min, 6 mg kg-1 h-1 for the third 20 min and
tit ra ted do ses of 3-6 mg kg-1 h-1 the re af ter. In all gro -
ups, ne u ro mus cu lar block was ma in ta i ned with in-
ter mit tant do ses of ro cu ro ni um (0.2 mg.kg-1).
Nit ro us oxi de was not used in eit her gro up. SBP,
DBP, SpO2, ET CO2, MAC of the desf lu ra ne and se -
vof lu ra ne we re re cor ded at 0, 10, 20, 30, 40, 50, 60,
70, 80, 90, 100, 110 and 120th mi nu tes. 

Bronc ho al ve o lar la va ge was per for med from
right midd le lo be in all pa ti ents im me di a tely af ter
in duc ti on of anest he si a (t0) and af ter sur gi cal pro-
ce du re (t1) by a fi be rop tic bronc hos cop (Karl Storz
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11302 BD1). The anest he tist who per for med BAL
pro ce du re was blin ded to the anest he tics used in
this study.

In or der to eva lu a te the cell sur fa ce mar kers
and the ac ti va ti on mo le cu les of the lymphocy tes,
bronc ho al ve o lar la va ge samp les we re ob ta i ned in
Fal con tu bes. Af ter the cen tri fu ga ti on of the BAL
flu id (ap pro xi ma tely 20-30 ml), 100 µL of the se di -
ment samp le ali qu ots we re mi xed with sub po pu la -
ti on-spe ci fic or ac ti va ti on mar ker-spe ci fic
mo noc lo nal an ti bo di es. Im mu nop he noty ping of the
BAL cells was per for med by using the pa nel of mo -
noc lo nal an ti bo di es (Mo ab) di rec ted aga inst hu man
an ti gens. The fol lo wing com bi na ti on of mo u se an-
ti hu man Mo abs (lis ted in Tab le 1) we re used: CD4+-
FITC/CD8+-PE/CD3+-PERCP/CD25+-APC and
CD3+-FITC/CD19+-PE/CD45+-PERCP/HLA-DR+-
APC (Bec ton Dic ken son, Ca li for ni a, USA). Fo ur co -
lor sta i ning of cells was per for med to de ter mi ne the
ex pres si on of ac ti va ti on mar kers such as CD25,
HLA-DR by CD4+, CD8+ and HLA-DR by CD19+
cells, and to as sess the per cen ta ge of CD3+ cells that
ex pres sed CD4 and CD8. Af ter 20 mi nu tes of in cu -
ba ti on at ro om tem pe ra tu re, eryt hrocy tes we re
lysed by ad ding 2 mL hypo to nic lysing so lu ti on.
The sus pen si on was was hed twi ce in phosp ha te buf -
fe red sa li ne (PBS) plus 1% bo vi ne al bu min, sus pen -
ded in 400 µL fi xa ti on so lu ti on and analyzed at flow
cyto metry (Bec ton Dic ken son, FACS Ca li bur II, Ca -
li for ni a, USA). Da ta we re analy zed using Cell Qu est
soft wa re for the BD FACS Ca li bur II. 

Lymphocy tes we re iden ti fi ed and ga ted by for-
ward (FSC) and si de (SSC) light scat te ring pro per -
ti es. An analy ti cal ga te we re used for pre ci se
dis cri mi na ti on of the de si red lymphocy tes (Fi gu re
1). The per cen ta ges of the lymphocy tes and ac ti va -
ti on mar ker ex pres si ons we re as ses sed as fol lows:
To tal T-cell po pu la ti on (CD3+), hel per T-cell po p-
u la ti on (CD3+ CD4+), cyto to xic T-cell po pu la ti on
(CD3+ CD8+), B cell po pu la ti on (CD19+), the ex pres-
si ons of ac ti va ti on mar kers on to tal T cells (CD3+

CD25+ and CD3+ HLA-DR+), hel per T cells (CD4+

CD25+), cyto to xic T cells (CD8+ CD25+) and B cells
(CD19+ HLA-DR+). The flowc yto me ter ope ra tor
was blin ded to the anest he tics be ing used in the
samp les.

Da ta are ex pres sed as the me an ± stan dard de-
vi a ti on (SD) or me di an (25-75% per cen ti le). A P-
va lu e less than 0.05 was con si de red as sta tis ti cally
sig ni fi cant. Nor ma lity analy sis was as ses sed with
the Sha pi ro-Wilk Test. Age and we ight sho wed a
nor mal dis tri bu ti on af ter Sha pi ro-Wilk Test. Age
and we ight we re analy zed by one  way ANO VA. A
Sha pi ro-Wilk test in di ca ted a non-nor mal dis tri -
bu ti on of he ight, du ra ti on of anest he si a and dif fe -
ren ces of the per cen ta ge of the cell sur fa ce mar kers
and the ac ti va ti on mo le cu les of the lymphocy tes.
Krus kal-Wal lis analysis was used for the analy sis of
he ight and du ra ti on of anest he si a. The Wil co xon
Sig ned Ranks Test was used for the analy sis the
per cen ta ge of the cells sur fa ce mar kers and the ac-
ti va ti on mo le cu les of the lymphocy tes wit hin the
gro ups be fo re and af ter anest he tic ex po su re. Sex
was analy zed by Chi-Squ a re test. SPSS for Win-
dows sta tis ti cal pac ka ge was used.   
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Monoclonal antibody specificity Major function/marker of Clone

CD45 Common leukocyte antigen 2D1

CD3 T cells SK7

CD4 T cell subset SK3

CD8 T cell subset SK1

CD19 B cells SJ25C1

CD25 Activation marker for T cells 2A3

HLA-DR Activation marker for T and B cells L243

TABLE 1: Description of monoclonal antibodies used
for immunophenotyping of lymphocytes and 

their activation molecules. 

FI GU RE 1: The iden ti fi ca ti on of the lymphocy tes and ga ting by for ward (FSC)
and si de (SSC) light scat te ring pro per ti es. R1: The analy ti cal ga te used for the
lymphocy tes.



RE SULTS
The de mog rap hic da ta are sum ma ri zed in Tab le 2.
Sex, age, we ight, he ight and du ra ti on of anest he si -
a we re si mi lar in all gro ups (P> 0.05). 

The re we re no sig ni fi cant dif fe ren ces among
the gro ups for HR, SBP, DBP, SpO2 or ET CO2 va l-
u es. 

TThhee  eeff  ffeeccttss  ooff  aanneesstt  hhee  ssii  aa  oonn  tthhee  ssuurr  ffaa  ccee  mmaarr  kk--
eerrss  ooff  tthhee  llyymmpphhooccyy  tteess  iinn  BBAALL  fflluu  iidd  wwiitt  hhiinn  tthhee  ggrroo  --
uuppss::

The anest he si a with desf lu ra ne had no ef fect
on the per cen ta ges of to tal T cells, hel per T-cells,
cyto to xic T cells and B cells (Tab le 3).

The per cen ta ge of cyto to xic T-cells dec re a sed
af ter pro po fol anest he si a (P= 0.019) (Fi gu re 2) whe -
re as anesthesia had no ef fect on the per cen ta ges of
to tal T cells, hel per T-cells and B cells (Tab le 4). 

The anest he si a with se vof lu ra ne had no ef fect
on the per cen ta ges of the lymphocy tes (Tab le 5). 

TThhee  eeff  ffeeccttss  ooff  aanneesstt  hhee  ssii  aa  oonn  tthhee  aacc  ttii  vvaa  ttii  oonn  mmoo  --
llee  ccuu  lleess  ooff  tthhee  llyymmpphhooccyy  tteess  iinn  BBAALL  fflluu  iidd  wwiitt  hhiinn  tthhee
ggrroo  uuppss::

The anest he si a with desf lu ra ne had no ef fect
on the ac ti va ti on mo le cu les on to tal T-cells and
hel per T-cells. The ac ti ve cyto to xic T-cells (CD8+

CD25+) and ac ti ve B cells (CD19+ HLA-DR+) dec re -
a sed af ter desf lu ra ne anest he si a (P= 0.049 and P=
0.028, res pec ti vely) (Fi gu res 3 and 4).

The per cen ta ge of ac ti ve cyto to xic T lympho-
cy tes (CD8+ CD25+) dec re a sed af ter pro po fol anes-
t he si a but the dif fe ren ces we re not fo und to be
sta tis ti cally sig ni fi cant (P= 0.07). The anest he si a
with pro po fol had no ef fect on ac ti va ti on mo le cu -
les on the to tal T-cells, hel per T-cells or B cells
(Tab le 4). 

The anest he si a with se vof lu ra ne had no ef fect
on the ac ti va ti on mo le cu les on the lymphocy tes
(Tab le 5). 

DIS CUS SI ON
In the pre sent study, we ha ve stu di ed the in vi vo
ef fects of desf lu ra ne, pro po fol and se vof lu ra ne on
the per cen ta ges of the sur fa ce mar kers and the ac-
ti va ti on mo le cu les of the lymphoc tes in BAL flu id.
A ho mo ge no us po pu la ti on of he althy pa ti ents
(ASA I) we re se lec ted un der go ing equ al type of mi -
ni mal in va si ve sur gery, and a stan dard lung pro tec-
ti ve mec ha ni cal ven ti la ti on pro ce du re was used.
The ma in re sults of our study are: (i) the per cen ta -
ges of ac ti ve cyto to xic T-cells (CD8+ CD25+) and ac-
ti ve B cells (CD19+ HLA-DR+) dec re a sed af ter
desf lu ra ne anest he si a, (ii) the per cen ta ge of cyto -
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Group D Group S Group P P

Sex (Male/Female) 12/8 16/4 11/9 > 0.05

Age (year) 32.9 ± 8.1 31.4 ± 8.5 32.6 ± 8.6 > 0.05

Weight (kg) 71.2 ± 12.2 71.8 ± 11.5 69.5 ± 13.8 > 0.05

Height (m) 1.72 (1.62-1.76) 1.72 (1.65-1.75) 1.65 (1.58-1.72) > 0.05

Duration of anesthesia (min) 130 (120-140) 130 (122-138) 132 (120-140) > 0.05

TABLE 2: The characteristics of the patients.

Data are median (25 %-75 % percentile) for height and duration of anesthesia, mean ± SD for age and weight or number of patients for sex.

CD3+ CD19+ CD3+ CD4+ CD3+ CD8+ CD 3+ HLA-DR+ CD 3+ CD25+ CD4+ CD25+ CD8+ CD25+ CD19+ HLA-DR+

t0 0.10 (0-0.1) 0.10 (0-0.4) 0.20 (0-0.5) 2.25 (0-5.3) 0.46 (0.1-1.1) 0.14 (0-0.5) 0.16 (0-1.0) 0.95 (0-9.5) 0.55 (0.1-1.4)

t1 0.07 (0-0.4) 0.04 (0-0.2) 0.21 (0-0.5) 1.45 (0-5.3) 0.36 (0-0.9) 0.09 (0-0.4) 0.10 (0-0.7) 1.00 (0-2.7)* 0.31 (0-0.7)*

TABLE 3: The comparison of the lymphocyte subsets and the activations markers of the lymphocytes
in the BAL fluid after induction of anesthesia (t0) and after surgical procedure (t1) in the desflurane group. 

Values are presented as median (25-75 % percentile).

* p< 0.05 indicates significance compaired with t0 within the group.



to xic T-cells dec re a sed af ter pro po fol anest he si a,
and (ii i) the anest he si a with se vo fu ra ne had no ef-
fect on the per cen ta ges and the ac ti va ti on mo le cu -
les of the lymphocy tes in the BAL flu id. This study
sho wed that desf lu ra ne and pro po fol al te red eit her
the per cen ta ges of the cell sur fa ce mar kers or the
ac ti va ti on mo le cu les of the lymphocy te du ring pe-
ri o pe ra ti ve pe ri od in a tis su e samp le. Se vof lu ra ne
had no ef fect on the se pa ra me ters.

The per cen ta ge of IL-2Rα (CD25+) on the T
cell, which is al so ex pres sed on the ac ti va ted cyto -
to xic T cells, was tound re du ced af ter sur gery in
gro up D (P< 0.05) and P (P= 0.07) but not in gro up
S. The se fin dings may in di ca te a dis tur bed ac ti va ti -
on of lymphocy tes af ter the anest he si a with desf -
lu ra ne and pro po fol, and sug gest that the ac ti va ti on
of the cyto to xic T cells was ef fec ted by the anest -
he si a with desf lu ra ne and pro po fol. The per cen ta -
ge of HLA-DR ex pres si on on B cells, which may
al so be used as a mar ker of ac ti va ti on mo le cu le, re-
du ced af ter sur gery in gro up D but not in gro up P
and S. This fin ding may in di ca te that desf lu ra ne has
al so an ef fect on anot her ac ti va ti on mo le cu le (HLA-
DR) of the lymphocy tes. Ac cor ding to the se re sults
we as su med that the ef fects of desf lu ra ne on the ac-
ti va ti on mar kers of the lymphocy tes in BAL flu id
was mo re pro no un ced than pro po fol. The sup pres -
sing ef fects of desf lu ra ne on ac ti ve T and B cells had
be en ob ser ved in BAL. We did not ob ser ve the sa -
me ef fects with se vof lu ra ne. This ob ser va ti on may
cor re la te with the fact that se vof lu ra ne sho uld be
cho sen for in ha la ti on anest he si a in pa ti ents with
pul mo nary in fec ti on be ca u se this study sho wed
that se vof lu ra ne had no ef fect on the per cen ta ges
and the ac ti va ti on mar kers of lymphocy tes.

Schne e milch et al.13 com pa red the im mu ne ef-
fects of to tal in tra ve no us anest he si a (pro po fol, su -
fen ta nil) with ba lan ced in ha la ti on anest he si a
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CD3+ CD19+ CD3+ CD4+ CD3+ CD8+ CD 3+ HLA-DR+ CD 3+ CD25+ CD4+ CD25+ CD8+ CD25+ CD19+ HLA-DR+

t0 0.14 (0-0.6) 0.25 (0-0.3) 0.23 (0-0.5) 0.47 (0-0.9) 0.46 (0.2-1.0) 0.33 (0-0.5) 0.49 (0-0.6) 3.70 (1-6.8) 0.63 (0.2-1.3)

t1 0.08 (0-0.6) 0.16 (0-0.6) 0.03 (0-0.2) 0.15 (0-0.5)* 0.34 (0.1-1.1) 0.09 (0-0.3) 0.16 (0-0.5) 0.85 (0-3.3) 0.51 (0-1.06)

TABLE 4: The comparison of the lymphocyte subsets and the activations markers of the lymphocytes 
in the BAL fluid after induction of anesthesia (t0) and after surgical procedure (t1) in the propofol group. 

Values are presented as median (25 %-75 % percentile).

* p< 0.05 indicates significance compaired with t0 within the group.

CD3+ CD19+ CD3+ CD4+ CD3+ CD8+ CD 3+ HLA-DR+ CD 3+ CD25+ CD4+ CD25+ CD8+ CD25+ CD19+ HLA-DR+

t0 0.08 (0-0.7) 0.10 (0-0.3) 0.25 (0-0.6) 2.50 (0-4.7) 0.35 (0.1-1.1) 0.15 (0-0.4) 0.19 (0-0.5) 1.85 (0.8-4.8) 0.37 (0.1-0.7)

t1 0.20 (0-0.7) 0.01 (0-0.1) 0.16 (0-0.4) 2.05 (0-5.2) 0.42 (0.1-1.1) 0.12 (0-0.2) 0.18 (0-0.5) 1.35 (0-4.0) 0.24 (0-0.5)

TABLE 5: The comparison of the lymphocyte subsets and the activations markers of the lymphocytes 
in the BAL fluid after induction of anesthesia (t0) and after surgical procedure (t1) in the sevoflurane group. 

Values are presented as median (25 %-75 % percentile)  

FI GU RE 2: The percentage of cytotoxic T lymphocytes after induction of
anesthesia (t0) and after the surgery (t1). 
* Indicates significance (p= 0.019) compaired with t0 within the group.



(se vof lu ra ne, N2O, fen tanyl) in mi nor sur gery.
They fo und that the ab so lu te num ber of CD3+,
CD4+ and CD8+ T lymphocy tes, the ex pres si on of
HLA-DR and ac ti va ti on mar kers such as CD25,
CD26 and CD69 dec re a sed mo re in res pon se to ba l-
an ce in ha la ti on anest he si a. The ex pres si on of the
ac ti va ti on mo le cu les re du ced sta tis ti cally sig ni fi -
cantly thre e days af ter se vof lu ra ne anest he si a, and
the ex pres si on of HLA-DR on pe rip he ral blo od mo -
no nuc le ar cells (PBMC) sho wed a dec re a se on the
third pos to pe ra ti ve day. In con trary, the cur rent
study sho wed that se vof lu ra ne had no ef fect on
BAL flu id cells. This con di ti on can be exp la i ned by
the fact that the sa me agent may act dif fe rently on
BAL cells, which is a tis su e de ri ved samp le, than
pe rip he ral blo od cells. Be ca u se they show the di-
rect ef fects of the agents, ex pe ri ments con duc ted
on tis su e flu ids may be con si de red  as mo re va lu -
ab le. Since the chan ges in pe rip he ral blo od may be
af fec ted by mul tip le fac tors, the reflection the se
chan ges in the pe rip he ral blo od in the tis su e is un-
pre dic tab le. In ad di ti on, we sho wed that the ex-
pres si ons of CD25 on the cyto to xic T-cells and the
ex pres si on of HLA-DR on the B cells dec re a sed af -
ter desf lu ra ne anest he si a. We co uld not find any
ot her studies in ves ti ga ting the ef fects of the desf -
lu ra ne on the im mu ne func ti on in BAL cells.

Ina da et al.14 re por ted that the num ber of CD4+

T lymphocy tes in pe rip he ral blo od did not chan ge
sig ni fi cantly af ter sur gery with eit her pro po fol or
isof lu ra ne. Isof lu ra ne was not used as an anest he tic
agent in our study. Our fin dings in pro po pol gro up
are si mi lar with the re sults of Ina da et al. In ad di -
ti on, the ef fects of desf lu ra ne and se vof lu ra ne on
CD4+ T lymphocy tes in BAL ha ve not be en re por -
ted. In the cur rent study, both se vof lu ra ne and des-
f lu ra ne did not chan ge the num ber of CD4+ T
lymphocy tes. Ac cor ding to the se re sults, we as su -
me that the ef fects of the se agents on CD4+ T lym-
phocy tes in pe rip he ral blo od and in BAL can be
con si de red as si mi lar. On the ot her hand, the sup-
pres sing ef fects of desf lu ra ne on cyto to xic T lym-
phocy tes and B lymphocy tes in BAL may
con tri bu te to pul mo nary in fec ti on. We did not ob-
ser ve the se sup pres sing ef fects with se vof lu ra ne.
Our fin dings are in ac cor dan ce with the ot her stu -
di es which in di ca te that se vof lu ra ne is the in ha la -
ti on agent that affected the im mu ne system the
least.1,15,16 This ob ser va ti on may cor re la te with the
fact that se vof lu ra ne might al so be cho o sen for in-
ha la ti on agent in pa ti ents with pul mo nary in fec ti -
on.

Schne e milch et al.13 similarly sho wed that
CD8+ T cells we re unc han ged with pro po fol whe -
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FI GU RE 3: The percentage of active cytotoxic T lymphocytes after induction
of anesthesia (t0) and after the surgery (t1). 
* Indicates significance (p= 0.049) compaired with t0 within the group.

FI GU RE 4: The percentage of active B lymphocytes after induction of anes-
thesia (t0) and after the surgery (t1). 
* Indicates significance (p= 0.028) compaired with t0 within the group.



reas the num ber of CD3+ T cells, CD4+ T cells and
CD19+ B cells in cre a sed two ho urs af ter sur gery in
the pe rip he ral blo od. On the con trary, this study
de mons tra ted that pro po fol sup pres sed the CD8+ T
cells, and had no ef fect on the CD3+ and CD4+ T
cells and CD19+ B cells. The se fin dings ref lect the
dif fe rent ef fects of the sa me agent on the dif fe rent
tis su e samp les such as pe rip he ral blo od and BAL
flu id. Alt ho ugh pro po fol which is an in tra ve no us
anest he tic agent dec re a sed the per cen ta ge of CD8+

T lymphocy tes, se vof lu ra ne which is an in ha la ti on
agent had no ef fect on the BAL flu id. We conc lu -
de that se vof lu ra ne is an agent that affected tissue
im mu ne system the least.

The re is no hu man da ta suggesting that the
im mu no sup res si ve ef fects of vo la ti le anest he tics are
harm ful to pa ti ents, ac cor ding to Schne e milch et
al.’s re port.6 This can be exp la i ned by the dif fi culty
of se pa ra ting the ef fects of vo la ti le anest he tics from
ot her im mu ne sup res si ve events in the pe ri o pe ra -
ti ve pro cess, such as sur gery it self or the trans fu si -

on of blo od and al so by the de sign of the stu di es
such as pe rip he ral blo od ex pe ri ments.6 The sup-
pres si on of im mu ne res pon se may ha ve mi nor im-
por tan ce in sub jects with nor mal im mu ne system
but it may ha ve re le van ce in pa ti ents with a pre e -
xis ting im mu ne dysfunc ti ons. At the sa me ti me, the
desf lu ra ne-pro po fol re la ted ef fects sho wn in the
pre sent study may be tran si ent. The li mi ta ti on of
our study is that we are not ab le to ta ke BAL in the
pos to pe ra ti ve pe ri od. A bet ter un ders tan ding of the
im mu no lo gi cal pro per ti es of com monly used anes-
t he tic drugs in the postope ra ti ve pe ri od might en-
han ce the ir use to im pro ve pa ti ent sa fety in the
long term. Furt her stu di es inc lu ding the investiga-
tions in the pos to pe ra ti ve pe ri od are ne e ded to ex-
p la in the ti me-de pen dent ef fects of anest he tic
agents on im mu ne system. 
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