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Milena  Dąbrowskab, Andrzej Siemiątkowskia
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Abstract
Background:  Among  the  many  changes  caused  by  a  surgical  insult  one  of  the  least  studied
is postoperative  immunosuppression.  This  phenomenon  is  an  important  cause  of  infectious
complications  of  surgery  such  as  surgical  site  infection  or  hospital  acquired  pneumonia.  One  of
the mechanisms  leading  to  postoperative  immunosuppression  is  the  apoptosis  of  immunological
cells. Anesthesia  during  surgery  is  intended  to  minimize  harmful  changes  and  maintain  perioper-
ative homeostasis.  The  aim  of  the  study  was  evaluation  of  the  effect  of  the  anesthetic  technique
used for  total  knee  replacement  on  postoperative  peripheral  blood  lymphocyte  apoptosis.
Methods:  34  patients  undergoing  primary  total  knee  replacement  were  randomly  assigned  to
two regional  anesthetic  protocols:  spinal  anesthesia  and  combined  spinal---epidural  anesthesia.
11 patients  undergoing  total  knee  replacement  under  general  anesthesia  served  as  control
group. Before  surgery,  immediately  after  surgery,  during  first  postoperative  day  and  seven  days
after the  surgery  venous  blood  samples  were  taken  and  the  immunological  status  of  the  patient
was assessed  with  the  use  of  flow  cytometry,  along  with  lymphocyte  apoptosis  using  fluorescent
microscopy.
Results:  Peripheral  blood  lymphocyte  apoptosis  was  seen  immediately  in  the  postoperative
period and  was  accompanied  by  a  decrease  of  the  number  of  T  cells  and  B  cells.  There  were
no significant  differences  in  the  number  of  apoptotic  lymphocytes  according  to  the  anesthetic
protocol.  Changes  in  the  number  of  T  CD3/8  cells  and  the  number  of  apoptotic  lymphocytes
were seen  on  the  seventh  day  after  surgery.
Conclusion:  Peripheral  blood  lymphocyte  apoptosis  is  an  early  event  in  the  postoperative  period
that lasts  up  to  seven  days  and  is  not  affected  by  the  choice  of  the  anesthetic  technique.
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Artroplastia  total  do  joelho  induz  apoptose  em  linfócitos  de  sangue  periférico  e  não  é
evitada  por  anestesia  regional  ---  estudo  randômico

Resumo
Justificativa  e  objetivo:  Dentre  as  muitas  alterações  causadas  por  uma  ferida  cirúrgica,  uma
das menos  estudadas  é  a  imunossupressão  pós-operatória.  Esse  fenômeno  é  uma  causa  impor-
tante das  complicações  infecciosas  relacionadas  á  cirurgia,  como  infecção  do  sítio  cirúrgico
ou pneumonia  nosocomial.  Um  dos  mecanismos  que  levam  à  imunossupressão  pós-operatória
é a  apoptose  de  células  imunológicas.  Durante  a  cirurgia,  a  anestesia  se  destina  a  minimizar
as alterações  prejudiciais  e  manter  a  homeostase  perioperatória.  O  objetivo  deste  estudo  foi
avaliar o  efeito  da  técnica  anestésica  usada  para  artroplastia  total  de  joelho  sobre  a  apoptose
em linfócitos  de  sangue  periférico  no  pós-operatório.
Métodos:  34  pacientes  submetidos  à  artroplastia  total  primária  de  joelho  foram  randomi-
camente designados  para  dois  protocolos  de  anestesia  regional:  raquianestesia  e  bloqueio
combinado raqui-peridural.  Onze  pacientes  submetidos  à  artroplastia  total  do  joelho  sob  aneste-
sia geral  formaram  o  grupo  controle.  Antes  da  cirurgia,  logo  após  a  cirurgia,  durante  o  primeiro
dia de  pós-operatório  e  sete  dias  após  a  cirurgia,  amostras  de  sangue  venoso  foram  colhidas  e
o estado  imunológico  do  paciente  foi  avaliado  com  o  uso  de  citometria  de  fluxo,  juntamente
com apoptose  de  linfócitos  usando  microscopia  de  fluorescência.
Resultados:  Apoptose  em  linfócitos  de  sangue  periférico  foi  observada  imediatamente  no  pós-
operatório  e  acompanhada  por  uma  redução  do  número  de  células  T  e  B.  Não  houve  diferença
significativa  no  número  de  linfócitos  apoptóticos  de  acordo  com  o  protocolo  anestésico.
Alterações no  número  de  células  T  CD3/8  e  no  número  de  linfócitos  apoptóticos  foram  obser-
vadas no  sétimo  dia  após  a  cirurgia.
Conclusão:  Apoptose  em  linfócitos  de  sangue  periférico  é  um  evento  precoce  no  período  pós-
operatório que  dura  até  sete  dias  e  não  é  afetado  pela  escolha  da  técnica  anestésica.
© 2014  Sociedade  Brasileira  de  Anestesiologia.  Publicado  por  Elsevier  Editora  Ltda.  Todos  os
direitos reservados.
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urgical  trauma  leads  to  a  complex  systemic  response
ncluding  sympathetic  nervous  system  activation,  endocrine
esponse,  and  inflammatory  and  immunological  distur-
ances.  Simultaneously  with  inflammatory  response  activa-
ion,  which  reduces  the  surgical  stress  damage  area  and
acilitates  repair  processes,  immunological  system  impair-
ent  occurs.  This  mechanism  seems  to  have  a  defensive

unction  ---  the  organism  defends  itself  from  the  auto-
mmunological  response  in  a  situation  of  its  own  antigens’
xcess  and  a  stimulation  of  the  processes  of  their  recogni-
ion.  Unfortunately,  it  also  leads  to  adverse  consequences  ---
irect  damage  of  natural  defensive  barriers  such  as  skin  and
ucous  membranes  in  association  with  impairment  of  defen-

ive  mechanisms  that  increases  the  possibility  of  infections.
n  oncologic  surgery  that  also  means  metastatic  progression
nd  acceleration  of  neoplasmal  disease.

Postoperative  lymphopoenia  is  a  phenomenon  that  has
een  known  for  a  long  time,  and  it  applies  to  all  lymphocyte
opulations  and  its  intensification  is  directly  proportional  to
he  extent  of  the  injury.1 It  is  caused  by  a  series  of  perioper-
tive  events  and  one  of  them  has  been  intensively  examined
n  recent  years.  Apoptosis  is  the  process  of  programmed  cell
eath,  a  term  which  was  proposed  in  1972  by  Kerr  et  al.
o  describe  morphologically  different  types  of  cell  death.2
ntensive  research  which  has  been  continued  in  the  years  fol-
owing  allowed  the  specification  of  mechanisms  leading  to
rogrammed  cell  death  and  precise  control  of  the  cell  count.

t
o

t  is  especially  important  in  relation  to  the  immunological
ystem,  since  cell  deficiency  involves  uncontrolled  tumor
ell  growth  and  increases  the  risk  of  infection,  whereas
xcess  of  immunological  cells  may  lead  to  autoimmunolog-
cal  response.  The  main  apoptosis  pathways  are:  extrinsic,
ssociated  with  particular  ‘‘death  ligand’’  (FasL,  CD195),
nd  intrinsic  ---  mitochondrial,  which  depends  on  physical
nd  chemical  factors  such  as  hypoxia  or  toxins  that  lead  to
hanges  in  mitochondrial  structure.  The  third  path  described
n  relation  to  cytotoxic  lymphocyte  T  is  perforin/granzyme-
ediated  apoptosis.3

Surgical  trauma  includes  direct  tissue  damage  as  well
s  other  factors  including:  administered  anesthetics,  blood
oss  followed  by  blood  transfusions,  hypothermia,  immobil-
ty,  in  some  procedures  also  general  or  local  ischemia  and
eperfusion  injury.  All  of  the  above  can  induce  apoptosis  of
mmune  cells.  Clinical  research  showed  an  influence  of  surgi-
al  procedures  on  circulating  blood  lymphocyte  apoptosis.4

his  raises  a  question  about  an  optimal  anesthetic  technique
nd  anesthetics  used  in  it.  Research  focused  on  the  influence
f  anesthetics  on  lymphocyte  apoptosis  in  in  vitro  condi-
ions  shows  pro-apoptotic  effect  of  almost  all  inhalational,
ntravenous  and  local  anesthetics.5,6 Unfortunately,  data
ollected  from  clinical  research  are  ambiguous.  Compara-
ive  research  from  2009  did  not  indicate  regional  anesthesia
eing  superior  to  general  anesthesia  (GA).7
Over  the  last  few  years  several  interesting  retrospec-
ive  studies  focused  on  estimating  the  long-term  effects
f  regional  anesthesia  were  presented.  They  proved  that
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Regional  anesthesia  and  postoperative  peripheral  blood  lym

cancer  recurrence  and  metastasis  is  less  frequent  among
patients  who  underwent  radical  prostatectomy  procedure
with  epidural  anesthesia  compared  to  the  same  procedure
with  GA.8 Two  years  later  another  study  partially  con-
firmed  previous  observations  and  showed  the  superiority
of  epidural  anesthesia  in  patients  undergoing  a  prostatec-
tomy  procedure.9 Unfortunately,  Canadian  researchers  did
not  confirm  these  findings,  however,  their  retrospective
research  period  was  shorter  ---  3  years.10 Similar  long-term
effects  were  observed  in  breast  cancer  patients  who  under-
went  a  mastectomy.  Rarer  cancer  recurrence  and  metastasis
were  observed  in  patients  who  had  GA  combined  with  par-
avertebral  anesthesia.11 These  findings,  despite  the  short
period  of  observation  and  ambiguous  results,  suggest  a need
for  intensive  research  on  the  influence  of  anesthesia  on  the
systemic  defense  mechanisms.

Aim of the study

The  aim  of  the  study  was  the  assessment  of  the  effect  of
the  anesthetic  technique  on  lymphocyte  counts  in  peripheral
blood  during  perioperative  period  in  patients  undergoing
primary  total  knee  replacement  (TKR)  and  the  influence
of  lymphocyte  apoptosis  in  these  changes.  The  study  was
undertaken  during  an  18-month  period  between  August  2009
and  April  2011  at  the  Department  of  Orthopedic  Surgery  of
the  University  Hospital  in  Bialystok.  The  study  protocol  was
approved  by  the  University  Bioethics  Committee  of  the  Medi-
cal  University  of  Bialystok,  no  R-I-002/268/2009.  All  patients
were  informed  about  the  study  protocol  and  gave  written
informed  consent.

Patients and methods

45  consecutive  patients  scheduled  for  primary  TKR  were
recruited  for  the  study.  The  inclusion  criterion  was
osteoarthrosis.  Exclusion  criteria  were  diseases  such  as  RA
(rheumatoid  arthritis),  systemic  lupus  erythrematosus  (SLE),
diabetes  mellitus  and  treatment  with  glucocorticosteroids,
methotrexate  and  other  immunosuppressive  and  cytostatic
drugs  within  24  months  preceding  the  surgery.  Demographic
characteristics  of  patients  are  presented  in  Table  1.  Blood
samples  were  taken  at  4  time  points:  before  the  surgery

(T1),  directly  after  closing  the  surgical  wound  (T2),  24  h
after  the  surgery  (T3)  and  on  the  7th  day  after  the  surgery
(T4).  The  immunological  status  and  microscopic  study  of
apoptotic  lymphocytes  were  assessed  for  all  blood  samples.

S

K
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Table  1  Demographic  characteristics  of  patients  undergoing  TKA

Type

General  

No.  of  patients 11  

Age Median  (min-max) 69  (59---84)
Sex (M:F) 2:9  

Time of  surgery  in  minutes  95  

Median (min---max)  (6---160)  
ytes  apoptosis  135

All  patients  qualified  to  regional  anesthesia  were
andomly  assigned  to  two  anesthetic  protocols:  spinal  anes-
hesia  (SA)  and  combined  spinal---epidural  anesthesia  (CSE).
1  patients  undergoing  surgery  under  GA  served  as  control
roup.

GA:  for  induction  of  GA  fentanyl  was  used  (Fentanyl  WZF,
olfa  Warszawa,  Poland)  at  a  dose  of  1  �g/kg  bw,  propo-
ol  (1%  Propofol-Lipuro,  B.  Braun,  Germany)  at  a  dose  of

 mg/kg  bw  and  suxamethonium  chloride  (Chlorsuccillin,
elfa,  Jelenia  Gora,  Poland)  at  a  dose  of  1  mg/kg  bw.
fter  orotracheal  intubation  the  anesthesia  was  conducted
ith  continuous  infusion  of  propofol,  remifentanil  (Ultiva,
laxoSmithKline,  UK)  and  cisatracurium  (Nimbex,  Glaxo-
mithKline,  UK).  Artificial  ventilation  was  provided  with
he  mixture  of  air  and  oxygen  with  FiO2 0.4.  Ten  minutes
efore  the  end  of  the  surgery  the  infusion  of  remifentanil
as  stopped  and  intravenous  morphine  (Morphini  sulfas  WZF,
olfa  Warszawa,  Poland)  was  administered  at  a  dose  of
.1  mg/kg  bw  and  1.0  g  of  paracetamol  (Perfalgan,  Bristol-
yers  Squibb  Pharmaceuticals,  USA).  Postoperative  pain
anagement  was  provided  with  subcutaneous  morphine  per

equest  and  paracetamol  1.0  g  every  6  h.
SA  was  provided  with  0.5%  hyperbaric  bupivacaine  (Mar-

aina  Spinal  Heavy®, Astra  Zeneca  Pharmaceuticals,  UK)  at
 dose  of  2.8---3.4  mL  according  to  the  height  of  the  patient.
ostoperative  pain  management  was  the  same  as  in  the
roup  of  GA.

CSE was  done  using  the  ‘‘single  space  ---  double  needle’’
echnique.  In  the  lateral  position  on  the  operated  side  the
pinal  needle  27  G  pencil-point  shape  (Balton,  Poland)  was
ntroduced  at  the  L3---L4  level.  After  a  dose  of  2.8---3.4  mL
f  hyperbaric  bupivacaine  (Marcaina  Spinal  Heavy®,  Astra
eneca  Pharmaceuticals,  UK)  an  epidural  catheter  (Perifix®

.Braun,  Germany)  was  inserted.  The  epidural  space  was
dentified  using  the  ‘‘loss  of  resistance’’  technique  with

 saline-filled  low  resistance  syringe.  Negative  aspiration
est  was  the  confirmation  of  proper  catheter  position.  After
otor  recovery  and  before  first  pain  symptoms  a  bolus

f  8---12  mL  of  0.5%  ropivacaine  (Naropin®,  Astra-Zeneca
harmaceuticals,  UK)  was  given.  Subsequently  continuous
nfusion  of  0.2%  ropivacaine  with  fentanyl  4  �g/mL  at  dose
---10  mL/h  was  started.  The  infusion  was  stopped  after  48  h
nd  the  epidural  catheter  was  removed.
urgery

nee  arthroplasty  (TKR  ---  total  knee  replacement)  was
erformed  using  implant  Triathlon® (Stryker  Co.,  USA)  or

 with  respect  to  anesthesia  protocol.

 of  anesthesia

Spinal  CSE  Total

17  17  45
72  (59---78)  72  (59---77)  72  (59---84)
2:13  3:16  7:38
100  100  105
(70---120)  (70---120)  (60---160)
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Figure  1  The  number  of  circulating  T  cells  (CD3)  before  the
surgery  (T1),  just  after  surgery  (T2),  24  h  postoperatively  (T3)
and 7  days  after  surgery  (T4).  The  box-and-whisker  plots  show
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36  

anguard® (Biomet  Inc.,  USA).  Both  systems  require  tib-
al  and  femoral  component  fixation  with  bone  cement,  and
n  both  of  them  a  plastic  element  for  providing  distance
nd  friction  reduction  is  inserted  between  the  two  metal
omponents.  All  surgeries  were  done  with  the  use  of  a  pneu-
atic  tourniquet  at  the  femoral  level  after  exsanguination

f  the  extremity  with  elastic  gum  tape.  The  tourniquet  was
nflated  to  the  pressure  of  150  mmHg  above  systolic  blood
ressure  and  deflated  after  bone  cement  hardening.  After
btaining  surgical  haemostasis  the  autotransfusion  drain
as  left  in.  After  stratified  wound  closure  the  autologous
lood  collection  system  for  autotransfusion  HandyVacTM ATS
Unomedical,  A/S,  Denmark)  was  initiated.  The  operation
ound  was  covered  with  a  sterile  dressing.  Time  of  surgery
as  assessed  as  starting  from  the  time  of  leg  exsanguination

o  skin  closure.

ostoperative  treatment

utologous  blood  transfusion  was  provided  according  to  the
olume  of  collected  blood,  but  not  later  than  6  h  after
he  start  of  the  ATS  system.  Surgical  wound  drainage  was
erformed  up  to  the  second  postoperative  day.  If  neces-
ary  the  leucoreduced  Red  Blood  Cells  Concentrate  was
iven,  but  in  no  case  was  it  on  the  day  of  the  surgery.  All
atients  had  thromboprophylaxis  with  LMWH  (low  molecular
eight  heparins)  according  to  the  Polish  Orthopedics  Society
uidelines.12 All  patients  were  also  given  antibiotic  prophy-

axis  with  cefazoline  (Biofazolin®,  Polpharma,  Poland)  1.0  g
nd  amikacin  (Biodacyna®,  Polpharma,  Poland)  0.5  g,  30  min
efore  the  start  of  the  surgery.  Postoperative  rehabilitation
as  started  with  Continuous  Passive  Motion  device  24  h  after

he  surgery.  Active  rehabilitation  was  started  on  the  third
ostoperative  day.

lood  samples  preparation

lood  samples  for  laboratory  study  were  collected  into  2  mL
est-tubes  with  EDTA  in  4  time  points:  before  the  surgery
T1),  immediately  after  closing  the  surgical  wound  (T2),  24  h
fter  the  surgery  (T3)  and  7  days  after  the  surgery  (T4).

The  immunological  status  of  peripheral  blood  lympho-
ytes  was  assessed  with  flow  cytometry  using  SimultestTM

MK-Lymphocyte  Kit  (BD  Biosciences,  San  Jose,  CA,  USA)  and
 FASC  Calibur  BD  cytometer.  The  kit  allows  for  quantitative
ssessment  of  lymphocyte  count  according  to  the  following
urface  antigens:  T  cells  (CD3)  with  subpopulations  CD3/4
T  helper),  T  CD3/8  (T  suppressor),  B  cells  (CD19),  and  NK
ells  (CD16/56).  The  assessment  of  apoptotic  cells  was  per-
ormed  after  lymphocyte  isolation  with  Histopaque-1077  and
istopaque-1119  (Sigma---Aldrich  Co.,  USA),  and  centrifuga-
ion  of  peripheral  blood  samples  at  3000/min  and  staining
ith  ethidium  bromide  (10  �M)  and  acridine  orange  (10  �M).
cridine  orange  binds  to  DNA  and  stains  its  structure  green.

t  also  binds  to  cytoplasmic  RNA  staining  it  red-orange.
thidium  bromide  does  not  cross  the  cytoplasmic  mem-

rane,  so  it  only  stains  necrotic  cells  orange.  The  structure
f  lymphocytes  was  assessed  with  fluorescent  microscopy  at
000×  magnification.  100  consecutive  cells  were  assessed
s  alive,  apoptotic  or  necrotic.13

u
a

c

inimal  and  maximal  values,  25  and  75  percentiles  and  medians
horizontal  bars).

tatistical  methods

tatistical  analysis  was  performed  with  ‘‘Statistica  10.0’’
oftware  (Statsoft  Inc.,  Tulsa,  OK,  USA).  Data  are  presented
s  a median  and  as  25  and  75  percentile  with  minimal  and
aximal  values.  The  W  Schapiro-Wilk  test  was  used  to  test

or  normality.  Since  the  data  did  not  follow  normal  distri-
ution  we  used  a  non-parametrical  test  for  analysis.  We
ompared  the  data  in  consecutive  time  points  of  the  study
ith  the  Wilcoxon  test  and  patients’  groups  in  single  time
oints  with  Kruskal---Wallis  test.  A  p-value  less  than  0.05  was
onsidered  statistically  significant.

esults

mmunological  status

mmediately  after  the  surgery  the  number  of  circulating  lym-
hocytes  was  decreased.  The  lowest  cell  count  was  seen  in  T
ell  population.  At  the  T1  time  point  the  number  of  T  cells
as  reduced  to  55%  of  baseline  values  (p  <  0.01).  A  small

ncrease  of  T  cells  was  seen  24  h  after  surgery  (up  to  58%
f  pre-operative  values).  7  days  after  the  surgery  (T4)  the
umber  of  circulating  T  cells  was  still  14%  lower  than  pre-
peratively  (Fig.  1).  The  pattern  of  particular  subtypes  of

 cell  changes  was  different.  The  greatest  decrease  in  the
umber  of  circulating  T  CD3/4  cells  was  seen  immediately
fter  the  surgery  ---  and  was  45%  of  preoperative  values.  24  h
fter  the  surgery  we  observed  an  increase  in  the  number  of
irculating  T  CD3/4  cells  to  56%  of  preoperative  values.  On
he  seventh  day  of  the  study  the  number  of  circulating  T
D3/4  cells  reached  90%  of  preoperative  values  (Fig.  2).  A
ifferent  pattern  of  change  was  observed  in  T  CD3/8  cells.
he  greatest  decrease  in  circulating  T  CD3/8  cells  was  seen
4  h  after  surgery  ---  it  decreased  to  55%  of  preoperative  val-

es.  The  number  of  CD3/8  cells  on  the  7th  day  was  the  same
s  before  the  surgery  (Fig.  3).

Immediately  after  surgery  the  number  of  circulating  B
ells  (CD19)  was  significantly  lower  than  before  the  surgery.
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Figure  2  The  number  of  circulating  Th  cells  (CD3/4)  before
the surgery  (T1),  just  after  surgery  (T2),  24  h  postoperatively
(T3) and  7  days  after  surgery  (T4).  The  box-and-whisker  plots
show  minimal  and  maximal  values,  25  and  75  percentiles  and
medians  (horizontal  bars).

Number of circulating T CD3/8 cells in peripheral blood

C
el

ls
/µ

L

T1 T2 T3 T4

Median

p<0.05

p<0.05

Min-max
25%-75%

1800

1600

1400

1200

1000

800

600

400

200

0

Figure  3  The  number  of  circulating  Ts  cells  (CD3/8)  before
the surgery  (T1),  just  after  surgery  (T2),  24  h  postoperatively
(T3) and  7  days  after  surgery  (T4).  The  box-and-whisker  plots

Number of circulating B cells in peripheral blood
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Figure  4  The  number  of  circulating  B  cells  (CD19)  before  the
surgery  (T1),  just  after  surgery  (T2),  24  h  postoperatively  (T3)
and 7  days  after  surgery  (T4).  The  box-and-whisker  plots  show
minimal  and  maximal  values,  25  and  75  percentiles  and  medians
(horizontal  bars).

Number of circulating NK cells in peripheral blood
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Figure  5  The  number  of  circulating  NK  cells  (CD16/56)  before
the surgery  (T1),  just  after  surgery  (T2),  24  h  postoperatively
(T3)  and  7  days  after  surgery  (T4).  The  box-and-whisker  plots
s
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show  minimal  and  maximal  values,  25  and  75  percentiles  and
medians  (horizontal  bars).

24  h  after  the  surgery  an  increase  in  the  number  of  circulat-
ing  CD19  cells  was  observed,  and  on  the  7th  day  after  the
surgery  the  number  of  B  cells  was  higher  than  before  the
surgery,  although  the  difference  did  not  achieve  statistical
significance  (Fig.  4).

The  smallest  differences  were  observed  in  the  number  of
circulating  NK  (CD16/56)  cells.  Differences  in  the  number  of
circulating  NK  cells  did  not  achieve  the  level  of  statistical
significance  during  the  time  of  the  study  (Fig.  5).  Changes  in
the  immunological  status  in  the  3  groups  of  patients  accord-
ing  to  the  anesthetic  protocol  were  studied,  but  we  did  not
observe  any  differences  at  all  time  points.

Peripheral  blood  lymphocyte  apoptosis
An  all  time  points  we  assessed  the  number  of  circulating
lymphocytes  for  macroscopic  signs  of  apoptosis  using  flu-
oroscopic  microscopy.  Before  the  surgery  the  number  of

c
p
c
t

how  minimal  and  maximal  values,  25  and  75  percentiles  and
edians  (horizontal  bars).

poptotic  lymphocytes  varied  from  0  to  8%.  A statistically
ignificant  increase  in  the  number  of  apoptotic  lymphocytes
as  observed  immediately  after  the  surgery.  The  difference
etween  the  number  of  apoptotic  lymphocytes  before  the
urgery  and  after  24  h  did  not  achieve  statistical  signifi-
ance,  but  on  the  seventh  day  of  the  study  it  was  higher  than
efore  the  surgery.  After  comparing  this  data  for  particular
nesthetic  protocols  no  statistically  significant  differences
etween  the  groups  were  observed  (Fig.  6).

iscussion

ostoperative  lymphopenia  is  a  well-established  and  pre-
14
isely  described  phenomenon. It  affects  all  lymphocyte

opulations:  T  cytotoxic  and  T  helper  cells,  B  cells  and  NK
ells,  and  its  extent  depends  on  the  magnitude  of  surgical
rauma.  In  our  study  a  significant  decrease  of  number  of
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The percentage of apoptotic lymphocytes in peripheral blood
with respect to anaesthetic technique
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Figure  6  The  number  of  circulating  apoptotic  peripheral
blood  lymphocytes  with  respect  to  anesthetic  protocol  (CSE
group,  GA  group,  spinal  group)  before  the  surgery  (T1),  just
after  surgery  (T2),  24  h  postoperatively  (T3)  and  7  days  after
surgery (T4).  The  box-and-whisker  plots  show  minimal  and  maxi-
mal values,  25  and  75  percentiles  and  medians  (horizontal  bars).
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tatistically  significant  differences  were  seen  between  particu-
ar time  points,  but  not  between  groups.

irculating  T  CD3/4  cells  and  T  CD3/8  cells  was  observed
ery  early,  just  after  the  end  of  surgery.  Similar  findings
ere  seen  in  previous  studies  and  this  refers  to  postopera-

ive  and  posttraumatic  patients.15,16 A  decreased  number  of
irculating  T  cells  was  seen  24  h  after  the  surgery,  but  the
umber  of  Th  cells  (CD3/4)  increased  24  h  after  the  surgery
chieving  values  similar  to  values  seen  preoperatively.  The
umber  of  cytotoxic  T  CD3/8  cells  was  significantly  lower
han  before  the  surgery  and  a  statistically  significant  dif-
erence  was  observed  until  the  seventh  day  after  surgery.
n  contrast  the  number  of  circulating  B  cells  (CD19)  only
mmediately  after  the  surgery  was  significantly  lower  than
efore  the  surgery.  24  h  after  the  surgery  we  observed  an
ncrease  in  the  number  of  circulating  B  cells,  and  7  days  after
he  surgery  the  number  of  cells  was  higher  than  before  the
urgery,  although  the  difference  did  not  achieve  the  level
f  statistical  significance.  The  cause  of  such  a  different  pat-
ern  of  changes  may  be  explained  by  a  presence  of  foreign
ubstances  such  as  joint  implants  or  bone  cement.17

No  difference  was  seen  in  the  number  of  circulating  NK
ells.  The  number  of  circulating  NK  cells  did  not  differ  dur-
ng  the  entire  observational  period.  It  is  in  contrast  to  most
revious  studies,  where  a  significant  decrease  in  the  number
f  circulating  NK  cells  was  observed.18,19 The  explanation  for
his  difference  may  be  the  difference  in  the  patient  popu-
ation  ---  in  our  study  general  patients  without  malignancy
ere  studied  whereas  in  the  studies  mentioned  above  the
atients  were  oncologic.  The  number  and  function  of  NK
ells  is  of  particular  interest  to  clinicians  because  these  cells
re  the  first  line  of  defence  against  neoplasmal  cells.  The
ossibility  of  the  influence  of  the  anesthetic  technique  ---
eneral  vs.  regional  anesthesia  ---  on  the  number  and  function
f  NK  cells  was  even  studied  in  meta-analysis  by  Conrick-
artin  and  co-workers.20 The  results  of  this  study  do  not

onfirm  the  superiority  of  regional  techniques  over  GA  but
ay  be  an  important  contribution  to  further  studies.  The

light  influence  of  anesthesia  and  surgery  on  the  number  of
irculating  NK  cells  observed  in  our  study  may  be  explained

p
o
a
l

J.  Kosel  et  al.

y  the  exclusion  of  patients  with  neoplasmal  disease  and
aking  immunosuppressive  agents  from  the  research.

The  apoptosis  of  lymphocytes  in  response  to  surgical
rauma  is  an  occurrence  which  was  well  confirmed  in  in  vitro
nd  in  vivo  settings.4,21 It  may  be  one  of  the  causes  of
osttraumatic  and  postoperative  lymphopenia.  This  is  the
eason  the  question  of  the  effect  of  the  anesthetic  tech-
ique  on  peripheral  blood  lymphocytes  may  be  clinically
mportant.  The  optimal  choice  of  an  anesthetic  procedure
nd  agents  should  minimize  the  immunosuppressive  effect
f  surgical  insult.  We  may  point  out  such  apoptosis-inducing
actors  as:  preoperative  ---  psychological  stress  and  fasting,
nd  intraoperative  ---  pneumatic  tourniquet,  tissue  dam-
ge,  bone  cement  and  anesthetic  agents  used  during  the
peration.22---24 Some  of  the  factors  initiated  earlier  are
aintained  in  the  postoperative  period,  but  some  new  ones,

ncluding  long-term  immobilization,  presence  of  an  implant
nd  complex  postoperative  pain  management  with  use  of
trong  and  long-acting  opioids,  also  occur.  In  our  study,
mmediately  after  the  end  of  the  surgery  and  the  clos-
ng  of  the  surgical  wound,  the  percentage  of  lymphocytes
ith  macroscopic  features  of  apoptosis  was  significantly
igher  than  preoperatively.  On  the  first  postoperative  day,
4  h  after  surgery,  the  number  of  apoptotic  lymphocytes
as  also  higher  than  preoperatively  but  the  difference  did
ot  achieve  a  level  of  statistical  significance.  This  may
e  explained  by  the  manner  of  presenting  the  results  ---
he  number  of  apoptotic  lymphocytes  was  counted  in  100
onsecutive  cells.  A  relatively  lower  number  of  apoptotic
ymphocytes  may  be  the  result  of  the  activation  of  lym-
hopoiesis  and  the  appearance  of  new  cells  in  peripheral
lood.  Confirmation  of  this  explanation  is  an  increase  of  the
umber  of  all  lymphocyte  populations  in  peripheral  blood
n  the  first  postoperative  day.  An  increased  percentage
f  apoptotic  lymphocytes  were  also  seen  7  days  after  the
urgery  compared  to  preoperatively.  It  means  that  not  only
ntraoperative  but  also  postoperative  factors  may  affect  the
rocesses  of  apoptosis.

The  effect  of  the  anesthetic  technique  on  peripheral
lood  lymphocyte  apoptosis  was  the  topic  of  few  clinical
rials.  Pro-apoptotic  effect  of  volatile  and  intravenous  anes-
hetics,  local  anesthetics  and  opioids  was  established  in
itro.5,6 In  one  of  the  studies  comparing  the  effect  of  general
nd  epidural  anesthesia  on  peripheral  blood  lymphocytes
poptosis  no  difference  was  found  in  patients  undergo-
ng  abdominal  surgery.7 The  difference  was  the  patients’
opulation  ---  in  the  previous  study  patients  were  under-
oing  abdominal  surgery  for  nonmetastatic  colon  cancer.
KA  is  a  strong  proapoptotic  stimulus  because  of  major  tis-
ue  damage,  use  of  pneumatic  tourniquet,  blood  loss  and
ostoperative  pain.  The  choice  of  drugs  used  in  the  study,
ropofol  and  ropivacaine,  had  discrete  or  no  influence  on
he  peripheral  blood  lymphocyte  apoptosis.

onclusion

uring  the  postoperative  period  there  is  significant  lym-

hopoenia  which  lasts  up  to  seven  days.  The  magnitude
f  this  phenomenon  depends  on  the  lymphocyte  population
nd  to  a  greater  degree  refers  to  CD3/8  T  cells  and  to  a
esser  degree  to  CD3/4  cells  and  CD19  cells  (B  cells).  It  is
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cytes by starvation. Clin Sci. 2007;112:59---67.
Regional  anesthesia  and  postoperative  peripheral  blood  lym

not  seen  in  respect  to  NK  cells  (CD16/56).  The  concomitant
change  is  the  increase  of  the  percentage  of  lymphocytes
with  macroscopically  seen  apoptotic  changes.  The  process
of  lymphocyte  apoptosis  may  be  partially  responsible  for
postoperative  lymphopoenia.  The  choice  of  the  anesthetic
technique:  GA,  SA  or  CSE,  in  this  particular  type  of  surgery,
does  not  affect  the  number  of  apoptotic  lymphocytes.
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ortopedii i traumatologii narządu ruchu. Ortop Traumatol Reha-
bil. 2009;11:86---92 [in Polish].

3. Martin D, Lenardo M. Morphological, biochemical, and flow cyto-
metric assays of apoptosis. Curr Protoc Mol Biol. 2001 [chapter
14: unit 14.13].

4. Salo M. Effects of anesthesia and surgery on the immune
response. Acta Anesthesiol Scand. 1992;36:201---20.

5. Bartal I, Melamed R, Greenfeld K, et al. Immune perturba-
tions in patients along the perioperative period: alterations in
cell surface markers and leukocyte subtypes before and after
surgery. Brain Behav Immun. 2010;24:376---86.

6. Yadav K, Zehtabchi S, Nemes PC, et al. Early immunologic
responses to trauma in the emergency department patients with
major injuries. Resuscitation. 2009;80:83---8.

7. Anderson JM, McNally AK. Biocompatibility of implants:
lymphocyte/macrophage interactions. Semin Immunopathol.
2011;33:221---33.

8. Ng CS, Lee TW, Wan S, et al. Thoracotomy is associated with
significantly more profound suppression in lymphocytes and nat-
ural killer cells than video-assisted thoracic surgery following
major lung resections for cancer. J Invest Surg. 2005;18:81---8.

9. Wang ZY, Wang CQ, Yang JJ, et al. Which has the least immunity
depression during postoperative analgesia-morphine, tramadol,
or tramadol with lornoxicam? Clin Chim Acta. 2006;369:40---5.

0. Conrick-Martin I, Kell MR, Buggy DJ. Meta-analysis of the effect
of central neuraxial regional anesthesia compared with gen-
eral anesthesia on postoperative natural killer T lymphocyte
function. J Clin Anesth. 2012;24:3---7.

1. Yamada R, Tsuchida S, Hara Y, Tagawa M, Ogawa R. Apoptotic
lymphocytes induced by surgical trauma in dogs. J Anesth.
2002;16:131---7.

2. Pehlivanoglu B, Bayrak S, Gurel EI, Balkanci ZD. Effect of gender
and menstrual cycle on immune system response to acute men-
tal stress: apoptosis as a mediator. Neuroimmunomodulation.
2012;19:25---32.

3. Pires J, Curi R, Otton R. Induction of apoptosis in rat lympho-
4. Granchi D, Ciapetti G, Filippini F, et al. Modulation of pro- and
anti-apoptotic genes in lymphocytes exposed to bone cements.
J Biomater Sci Polym Ed. 2000;11:633---46.

http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0005
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0005
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0005
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0005
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0005
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0005
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0005
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0005
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0005
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0005
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0005
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0005
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0005
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0005
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0005
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0005
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0005
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0005
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0005
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0005
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0005
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0005
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0005
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0005
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0005
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0005
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0005
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0005
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0005
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0005
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0005
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0005
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0010
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0010
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0010
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0010
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0010
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0010
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0010
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0010
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0010
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0010
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0010
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0010
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0010
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0010
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0010
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0010
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0010
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0010
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0010
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0010
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0010
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0010
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0010
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0010
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0010
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0010
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0010
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0010
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0010
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0010
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0015
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0015
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0015
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0015
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0015
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0015
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0015
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0015
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0015
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0015
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0015
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0015
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0015
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0015
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0015
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0015
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0015
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0015
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0020
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0020
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0020
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0020
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0020
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0020
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0020
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0020
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0020
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0020
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0020
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0020
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0020
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0020
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0020
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0020
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0020
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0020
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0020
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0020
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0020
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0020
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0020
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0020
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0020
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0020
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0020
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0020
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0020
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0025
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0025
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0025
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0025
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0025
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0025
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0025
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0025
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0025
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0025
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0025
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0025
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0025
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0025
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0025
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0025
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0025
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0025
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0025
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0025
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0025
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0025
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0025
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0025
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0025
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0025
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0025
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0030
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0030
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0030
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0030
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0030
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0030
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0030
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0030
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0030
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0030
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0030
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0030
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0030
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0030
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0030
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0030
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0030
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0030
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0030
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0030
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0030
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0030
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0030
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0030
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0030
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0030
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0030
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0030
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0035
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0035
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0035
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0035
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0035
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0035
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0035
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0035
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0035
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0035
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0035
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0035
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0035
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0035
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0035
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0035
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0035
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0035
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0035
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0035
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0035
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0035
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0035
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0035
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0035
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0035
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0035
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0035
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0035
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0035
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0035
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0035
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0035
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0035
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0035
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0035
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0035
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0035
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0035
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0035
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0035
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0035
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0035
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0035
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0040
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0040
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0040
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0040
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0040
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0040
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0040
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0040
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0040
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0040
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0040
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0040
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0040
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0040
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0040
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0040
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0040
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0040
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0040
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0040
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0040
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0040
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0040
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0040
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0040
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0040
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0040
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0040
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0040
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0045
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0045
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0045
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0045
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0045
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0045
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0045
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0045
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0045
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0045
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0045
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0045
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0045
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0045
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0045
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0045
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0045
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0045
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0045
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0045
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0045
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0045
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0045
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0045
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0045
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0045
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0045
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0045
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0045
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0045
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0045
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0045
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0045
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0045
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0045
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0045
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0045
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0045
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0045
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0045
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0045
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0045
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0050
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0050
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0050
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0050
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0050
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0050
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0050
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0050
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0050
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0050
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0050
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0050
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0050
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0050
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0050
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0050
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0050
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0050
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0050
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0050
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0050
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0050
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0050
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0050
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0050
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0050
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0050
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0055
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0055
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0055
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0055
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0055
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0055
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0055
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0055
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0055
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0055
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0055
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0055
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0055
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0055
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0055
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0055
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0055
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0055
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0055
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0055
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0055
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0055
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0055
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0055
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0055
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0055
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0055
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0055
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0055
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0060
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0060
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0060
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0060
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0060
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0060
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0060
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0060
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0060
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0060
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0060
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0060
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0060
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0060
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0060
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0060
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0060
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0060
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0060
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0060
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0060
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0060
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0060
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0060
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0060
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0060
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0060
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0060
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0065
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0065
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0065
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0065
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0065
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0065
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0065
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0065
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0065
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0065
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0065
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0065
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0065
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0065
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0065
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0065
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0065
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0065
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0065
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0065
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0065
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0065
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0065
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0070
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0070
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0070
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0070
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0070
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0070
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0070
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0070
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0070
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0070
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0070
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0070
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0070
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0070
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0070
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0070
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0070
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0070
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0070
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0075
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0075
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0075
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0075
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0075
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0075
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0075
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0075
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0075
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0075
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0075
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0075
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0075
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0075
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0075
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0075
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0075
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0075
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0075
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0075
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0075
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0075
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0075
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0075
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0075
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0075
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0075
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0075
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0075
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0075
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0075
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0075
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0075
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0075
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0075
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0075
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0075
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0075
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0080
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0080
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0080
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0080
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0080
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0080
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0080
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0080
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0080
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0080
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0080
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0080
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0080
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0080
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0080
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0080
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0080
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0080
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0080
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0080
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0080
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0080
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0080
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0080
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0080
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0080
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0080
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0080
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0080
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0085
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0085
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0085
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0085
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0085
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0085
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0085
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0085
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0085
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0085
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0085
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0085
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0085
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0085
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0085
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0085
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0090
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0090
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0090
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0090
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0090
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0090
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0090
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0090
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0090
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0090
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0090
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0090
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0090
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0090
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0090
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0090
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0090
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0090
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0090
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0090
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0090
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0090
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0090
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0090
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0090
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0090
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0090
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0090
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0090
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0090
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0090
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0090
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0090
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0090
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0090
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0090
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0090
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0090
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0090
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0090
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0090
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0090
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0090
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0090
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0095
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0095
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0095
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0095
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0095
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0095
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0095
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0095
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0095
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0095
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0095
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0095
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0095
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0095
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0095
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0095
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0095
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0095
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0095
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0095
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0095
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0095
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0095
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0095
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0095
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0095
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0095
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0095
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0095
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0095
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0095
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0095
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0095
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0095
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0100
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0100
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0100
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0100
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0100
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0100
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0100
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0100
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0100
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0100
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0100
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0100
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0100
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0100
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0100
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0100
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0100
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0100
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0100
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0100
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0100
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0100
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0100
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0100
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0100
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0100
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0100
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0100
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0100
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0100
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0100
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0100
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0100
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0100
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0100
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0100
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0105
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0105
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0105
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0105
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0105
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0105
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0105
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0105
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0105
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0105
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0105
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0105
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0105
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0105
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0105
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0105
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0105
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0105
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0105
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0105
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0105
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0105
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0105
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0105
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0105
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0105
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0105
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0105
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0105
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0110
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0110
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0110
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0110
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0110
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0110
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0110
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0110
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0110
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0110
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0110
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0110
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0110
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0110
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0110
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0110
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0110
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0110
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0110
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0110
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0110
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0110
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0110
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0110
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0110
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0110
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0110
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0110
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0110
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0110
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0110
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0110
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0110
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0110
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0110
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0115
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0115
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0115
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0115
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0115
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0115
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0115
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0115
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0115
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0115
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0115
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0115
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0115
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0115
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0115
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0115
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0115
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0115
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0115
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0115
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0115
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0115
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0115
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0120
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0120
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0120
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0120
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0120
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0120
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0120
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0120
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0120
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0120
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0120
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0120
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0120
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0120
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0120
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0120
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0120
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0120
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0120
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0120
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0120
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0120
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0120
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0120
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0120
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0120
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0120
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0120
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0120
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0120
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0120
http://refhub.elsevier.com/S0104-0014(14)00180-8/sbref0120

	Total knee replacement induces peripheral blood lymphocytes apoptosis and it is not prevented by regional anesthesia – a r...
	Introduction
	Aim of the study
	Patients and methods
	Surgery
	Postoperative treatment
	Blood samples preparation
	Statistical methods

	Results
	Immunological status
	Peripheral blood lymphocyte apoptosis

	Discussion
	Conclusion
	Conflicts of interest
	Acknowledgements
	References


