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Background. Surgical stress and general anesthesia can
ave detrimental effects on postoperative immune func-

ion. We sought to comparatively evaluate postoperative
ymphocytes response in patients undergoing video-
ssisted thoracoscopic surgery (VATS) under thoracic
pidural or general anesthesia.
Methods. Between October 2008 and June 2009, 50 pa-

ients with nonmalignant pulmonary conditions were ran-
omized to undergo VATS through either sole epidural
nesthesia and spontaneous ventilation (awake group, n �
5) or general anesthesia with one-lung ventilation (control
roup, n � 25). In both groups, assessment of total lympho-
ytes count and changes in proportion of lymphocyte sub-
ets including CD19�, CD3�, CD4�, CD8�, CD4�:CD8�
atio, and CD16�CD56� (natural-killer cell) were evalu-
ted by two-way analysis of variance test for repeated
easures at baseline and postoperative days 1, 2, and 3. The
ann-Whitney test was performed at each time point only

or significant parameters at between-group analysis of

ariance.
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Results. Comparisons of baseline data showed rela-
ively homogeneous groups. Between-group analysis of
ariance was significant for proportion of natural-killer
ells (p � 0.01). In particular, the control group disclosed
significantly lower median proportion of natural-killer

ells as compared with the awake group on postoperative
ay 1 (5% interquartile range [IQR]: 3% to 8%] vs 12%

IQR: 8% to 14%], p � 0.003) and 2 (7% [IQR: 4% to 10%]
s 11% [IQR: 8% to 21%], p � 0.02). Total lymphocyte
ount was significantly decreased in the control group
nly (p < 0.00001). No difference was found between
roups in the remaining lymphocyte subsets.
Conclusions. In this randomized study, awake VATS

esulted in a lesser impact on postoperative lymphocyte
esponses than procedures performed under general an-
sthesia, as shown by the significant difference in post-
perative proportion of natural-killer cells.

(Ann Thorac Surg 2010;90:973–8)

© 2010 by The Society of Thoracic Surgeons
ymphocytes, and particularly natural-killer cells
(CD16�/CD56�), are an important component of

he immune system. This is mainly due to their cytotoxic
ctivity against tumors and infections as well as to their
bility to produce regulatory cytokines [1, 2]. It is widely
ocumented that surgical stress, extensive tissue trauma,
nd general anesthesia may all reduce circulating lym-
hocytes and proportion of natural-killer cells [1–6].
revious studies have suggested that an impairment of

he immune function predisposes to postoperative infec-
ions [5–8]. Furthermore, reduced cytotoxic activity of
eripheral-blood lymphocytes may increase the risk of

umor progression and metastases [4, 5, 9–13], and can
ven negatively affect postoperative healing processes.
Recent investigations in thoracic [14] and abdominal

urgery [15–17] have shown that the immune function
ay be better preserved when surgical trauma is mini-

ccepted for publication April 19, 2010.

resented at the Poster Session of the Forty-sixth Annual Meeting of The
ociety of Thoracic Surgeons, Fort Lauderdale, FL, Jan 25–27, 2010.

ddress correspondence to Dr Mineo, Department of Thoracic Surgery,
ized. However, the protective role of video-assisted
horacoscopic surgery (VATS) in this setting is not yet
lucidated and it is conceivable that whatever the surgi-
al approach, every type of thoracic surgical procedure
ight have an impact on early postoperative immune

esponse. Hypothetical reasons include surgical trauma,
dverse effects of drugs employed during general anes-
hesia [18–20], and an impairment in natural-killer activ-
ty induced by one-lung ventilation (OLV) [8].

In 2001 we started an investigational clinical program
ntailing VATS carried out through sole thoracic epi-
ural anesthesia in awake patients. Preliminary results
ith different types of surgical procedures have sug-
ested that this novel surgical approach might reduce
ostoperative morbidity, hospital stay, and in-hospital
osts [21–25].

We have now hypothesized that by avoiding adverse
ffects of general anesthesia, awake VATS could contrib-
te to minimize at most the impact on early postoperative

ymphocytes response. In this prospective, randomized
tudy, we sought to comparatively evaluate postoperative
ymphocyte response of simple VATS procedures per-

ormed through awake or general anesthesia.

0003-4975/$36.00
doi:10.1016/j.athoracsur.2010.04.070
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aterial and Methods

tudy Design and Randomization Procedure
he investigation was set up as a prospective randomized

wo-arm study (awake group versus control general-
nesthesia group). The study was approved by the Ethi-
al Committee of the Policlinico Tor Vergata Foundation.

andatory prerequisite for enrollment was considered
he diagnosis of a nonmalignant chest disease scheduled
or VATS. Other inclusion criteria are detailed in Table 1.

The study was activated in October 2008 and was
losed in June 2009 after the achievement of 50 patients.
rior to randomization, each patient was fully informed
bout the pros and cons of each type of surgical approach
nd gave her (his) written informed consent for enroll-
ent in the study. Our aim was to assess the impact of

eneral anesthesia or epidural anesthesia on postopera-
ive lymphocyte response.

Primary outcome measure was the change in propor-
ion of natural-killer lymphocytes at postoperative day 1.
his interval was chosen because in a previous pilot

nvestigation we documented, at this time lag, the most
ignificant change from baseline value. Trial size was
etermined by the number of patients necessary to yield,
y a nonparametric two-sides test with a power of 0.8 and
ith an � error of 0.05, a 1.5-fold difference in median

alue of natural-killer percentage cells. In order to pre-
ent influences due to the random allocation, the se-
uence was concealed from the surgeons and they were
otified them at the operation time by telephone contact
ith the statistical department. Random assignment of
atients to each group was carried out by computer

Excel software; Microsoft, Redmond, WA).

enous Blood Sampling Time Points
otal lymphocytes count and changes in proportion of
pecific lymphocyte-subset including CD19�, CD3�,
D4�, CD8�, CD4�:CD8� ratio, and natural-killer lym-
hocytes were measured at baseline just prior to the
eginning of the operating session (7:00 a.m.), and at
ostoperative days 1, 2, and 3 at 7:00 a.m. Venous-blood
amples were obtained through an antecubital vein and
ere transported to the Hematologic Department of our

able 1. Main Inclusion Criteria

merican Society of Anesthesiologists (ASA) score 1 (healthy
subjects)
o use of steroids drugs from 2 months prior to operation to
the postoperative period
o use of antiinflammatory drugs from 2 months prior to
operation to the postoperative period
o use of �-adrenoceptor agonist drugs from 2 months prior
to operation to the postoperative period
o clinical suspicion of active pleural-pulmonary infection
o previous history of cancer
o autoimmune diseases
o diabetes mellitus or endocrine disorders
o
atient’s acceptance of the assigned study group
nstitution for immediate, real-time tests without need of
torage.

Total lymphocytes were measured with a cell counter
Coulter Beckmann, MedLab, Cupertino, CA). Lympho-
yte-subset including CD19�, CD3�, CD4�, CD8�,
D4�:CD8� ratio, and natural-killer, were analyzed by
ACSCalibur three-color flow cytometry (Immunocy-
ometry System, BD Biosciences, Franklin Lakes, NJ) with
ntibodies specific to the cell markers. The blood samples
ere incubated for 30 minutes with monoclonal antibod-

es at 4°C. The samples were processed with a coulter,
hich lyses the erythrocytes, and stabilizes and fixes the

eukocytes. The percentage of lymphocytes was evalu-
ted through differential gating after triple-color staining.

nesthesia Technique and Postoperative Management
n both study groups, venous line (16 gauge) and radial
rtery catheter were placed. In awake patients, the tho-
acic epidural catheter was inserted at the T4 level by a
oss-of-resistance technique, and a bolus of ropivacaine
0.5%) plus sufentanyl (5 �g) was immediately adminis-
ered after placement. Subsequently, continuous infusion
f ropivacaine (0.2%) at a rate of 5 mL/hour was started 20
inutes prior to operation. In the meantime, the patient
as placed in lateral decubitus with the hemithorax

argeted for operation in a nondependent position. If
ecessary, additional injection of local anesthetics (2 to 5
L of ropivacaine [7.5%] plus lidocaine [2%]) was used to

einforce analgesia at the incision sites. During the oper-
tion, oxygen was delivered through a Venturi mask at
he minimum regimen to keep arterial saturation above
0%. All surgical procedures were conducted by the same
urgeons, anesthesiologists, and nursing staff.

In the control group, general anesthesia was induced
y continuous intravenous administration of propofol
nd sufentanyl 0.5 (�g/kg), while cis-atracurium (0.15
g/kg) was used for muscle relaxation. Anesthesia was
aintained by means of a target-control infusion of

ropofol, with a target-concentration at effector site of 4
g/mL. No inhalational agent was used. For selective
entilation, a left-side double lumen tube was used in all
nstances. One-lung ventilation was started immediately
rior to positioning the patient on lateral decubitus.
ressure-controlled tidal ventilation was set with a peak
irway pressure not exceeding 25 to 30 cm H2O and a
ositive end-expiratory pressure of 5 cm H2O. After the
rocedure, patients were transferred to the recovery
oom and weaned after an early extubation protocol.

During the procedure, fluid infusion was set at 1.5 mL ·
g�1 · hour�1 of normal saline and Ringer’s solution in
oth groups. In the awake group, fluid infusion was
ontinued until 2 hours after surgery and oral intake was
mmediately allowed. In the control group, fluid infusion
as stopped 24 hours after the operation. No significant
ifferences in fluid balance was found between the two
roups as indicated by similar urinary output, as well as
o difference in creatinine level in the perioperative
eriod.
Postoperative analgesia was assured through continu-
us intravenous administration of tramadol (200 to 300
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g/24 hours at a rate of 2 mL/hour) by an elastomeric
evice. No antiinflammatory drugs were given postoper-
tively in either study group.

urgical Techniques
ll patients were placed in full lateral decubitus position
ith slight trunk elevation and splitting of the intercostal

paces. The operative techniques in awake patients did
ot differ from the equivalent procedure performed un-
er general anesthesia and OLV. Lung volume reduction
urgery was performed by a nonresectional technique
16] through 4 flexible trocars and plication of the most
mphysematous lung regions was carried out by means
f “no knife” endostaplers. Bullectomies and wedge
esections were made through a 3-trocars’ access [14, 17].

ediastinal and (or) pleural biopsies were accomplished
hrough a single 20-mm trocar by means of a dedicated
poon-shaped forceps. One 28Ch chest drainage was
laced at the end of each procedure while complete lung
eexpansion was always controlled under thoracoscopic
ision. Antibiotic prophylaxis entailed intravenous cefu-
oxime (2 g) twice a day, until postoperative day 2.
riteria for chest tube removal were standardized, and

ncluded no evidence of air leak after 3 hours of tube
lamping, serous fluid loss less than 200 mL/24 hours,
nd absence of pneumothorax at a chest X-ray.

tatistical Analysis
ata are presented as median and interquartile range

IQR). Two-way analysis of variance test for repeated
easures was employed to analyze results at baseline

nd postoperative days 1, 2 and 3. Variables showing
ignificant (p � 0.05) between-group difference were
ubsequently analyzed by means of the Mann-Whitney

test at each time point.

able 2. Main Baseline and Operative Findings in Study Gro
Within Brackets). Significance Was Tested With the Mann-W

ariable Awake Group (

aseline findings:
Age (years) 57 (51–62
M:F (ratio) 15:10
Right to left (ratio) 15:10

reoperative diagnosis
Pulmonary emphysema (n.pts) 12
Pulmonary nodule (n.pts) 6
Pleural thickening (n.pts) 3
Pneumothorax (n.pts) 2
Mediastinal lymphadenopathy (n.pts) 1
Pulmonary fibrosis (n.pts) 1

erioperative–postoperative results:
Operative time (minutes) 44 (43–47
Minor complication (rate) 1/25
Hospital stay (days) 3.3 (2–9)
.pts � number of patients.
esults

aseline Data and Surgical Results

ut of the 59 patients initially considered for enroll-
ent, 3 patients refused consent because they pre-

erred general anesthesia. After randomization, 6 pa-
ients (3 for each group) were excluded because of
onversion to thoracotomy under general anesthe-
ia (n � 2), diagnosis of unexpected malignant nodules
n � 2), postoperative air leakage longer than 7 days
n � 1), and severe ventricular arrhythmia requiring
lectric conversion in the immediate postoperative
eriod (n � 1). As a consequence the study group
onsisted of 50 patients, who were divided into the two
tudy groups. A comprehensive summary of demo-
raphics, preoperative and perioperative data is de-
icted in Table 2, which shows that study groups
ere adequately matched in terms of demographics,
aseline findings, and distribution of the surgical
rocedures.
There were 16 lung nodules that included pulmonary

amartomas (n � 13), granulomas (n � 2), and neuroen-
ocrine cell hyperplasia (n � 1). Pleural biopsies revealed
imple hyperplasia in 5 instances, benign fibrous tumor
n 1 case, and lipoma in another. Antracotic lymph nodes
ere found in the 2 patients undergoing mediastinal

ampling.
Median operative time was similar in both groups and

either intraoperative complication nor technical diffi-
ulty occurred in any patient. Minor complications in-
luded air leakage lasting more than 5 days (1 in the
wake group and 2 in the control group), and a contralat-
ral lung atelectasis requiring fiberoptic bronchoscopy (1
atient in the control group). Hospital stay was not
ifferent between study groups (Table 2).

Data Are Expressed as Median and Interquartile Range
ey U Test

25) Control Group (n � 25) p Value Intergroup

52 (46.5–60.5) 0.36
16:9 1
14:11 1

6 0.13
10 0.36
4 1
3 1
1 1
1 1

43.5 (41–46) 0.24
3/25 0.6

3.2 (2–10) 0.8
ups.
hitn

n �

)

)
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otal Lymphocytes and Lymphocyte Subsets Changes
able 3 shows a comprehensive summary of the study
esults. At baseline, total lymphocytes count and propor-
ion of specific lymphocyte subsets were similar in the
wo groups. Between-group analysis of variance was
ignificant for proportion of natural-killer cells (p � 0.01),
hich decreased from baseline value in the control group
nly (within-group analysis, p � 0.02). In particular, a
ignificantly lower proportion of natural-killer cells was
ound in the control group on postoperative day 1 (5%
IQR: 3% to 8%] vs 12% [IQR: 8% to 14%], p � 0.003) and
ay 2 (7% [IQR: 4% to 10%] vs 11% [IQR: 8% to 21%], p �
.02). Yet, within-group analysis of variance showed a
ignificant difference in total lymphocyte count in the
ontrol group only (p � 0.0001). No difference was found
etween groups in the remaining lymphocyte subsets.

omment

reserved lymphocyte function contributes to improve
esistance to postoperative infections [4–6].

In addition, natural-killer cells represent a possible
rst line of defense against intravascular tumor spread
ecause, in absence of major histocompatibility-complex
estriction, different types of malignant cells can be killed
y these cells in a nonspecific way [5, 9, 11–13]. Further-
ore, an impairment in immune function and lympho-

yte activity has shown to be associated with several
dverse effects including an increased incidence of post-

able 3. Preoperative and Postoperative Responses of Total Ly
nalysis of Variance Test for Repeated Measures. Data are Ex

Baseline Day 1

otal lymphocytes (n 109/L):
Awake group 1.82 (1.42–2.44) 1.72 (1.47–2.02)
Control group 2.03 (1.78–2.7) 1.56 (1.13–1.87)

D19� (%):
Awake group 11 (7–13.5) 11 (8–17)
Control group 11 (7–15) 12 (8–14)

D3� (%):
Awake group 69 (61.5–75) 67 (62–64)
Control group 72 (65–76) 71 (60–77)

D4� (%):
Awake group 50 (40.5–53.5) 47 (33–52)
Control group 46 (40–55) 44 (39–52)

D8� (%):
Awake group 20.5 (15–26.5) 20 (16–31)
Control group 25 (17–29) 25 (16–30)

D4�:CD8� (ratio):
Awake group 2.4 (1.4–3.4) 2.8 (1.6–3.5)
Control group 1.7 (1–3.1) 1.7 (1.1–2.6)
atural killer (%):
Awake group 12 (8–14) 12 (8–14)
Control group 8 (5–12) 5 (3–8)
D3 � T-lymphocyte; CD4 � T-lymphocyte inducer cell; CD8 � T-sup
perative infections and an increased risk of tumor
rowth [4–6, 9–13].
In our study, awake VATS resulted in a reduced impact

n postoperative lymphocyte response and particularly
n the proportion of natural-killer cells, when compared
ith equivalent procedures performed under general

nesthesia. These findings suggest a different pattern of
ymphocyte response between the two groups. In partic-
lar, our data showed that total lymphocyte count and

he proportion of natural killer cells decreased postoper-
tively in the control group while remained unchanged
n patients receiving awake anesthesia. Although various
actors could have contributed to influence this effect, the
andomization and the relatively well-matched baseline
tudy data led us to hypothesize that the type of anes-
hesia has probably played a major role in postoperative
hanges of lymphocyte response. Available data regard-
ng the effect of epidural anesthesia on the immune
unction are still controversial. Papadima and colleagues
26] have found that epidural anesthesia did not suppress
ostoperative lymphocyte apoptosis in patients receiving
ajor abdominal surgery. Beilin and colleagues [27]

howed that epidural analgesia may protect against late
�72 hours) postoperative lymphocyte suppression, but
his effect was not found when restricting the analysis to
he early postoperative period. Furthermore, Yokoyama
nd colleagues [6] found that epidural anesthesia is
ssociated with a transient reduction in natural-killer
ctivity that has been considered unrelated to the pain

ocytes and Lymphocyte Subsets Evaluated by the Two-Way
sed as Median and Interquartile Range (Within Brackets)

Day 2 Day 3

Within
Group

p Value

Between
Group

p Value
Interaction

p Value

(1.31–1.92) 1.7 (1.23–1.95) 0.32 0.77 0.01
(1.25–1.93) 1.25 (1.04–1.62) �0.00001

(9–16) 8 (6–18) 0.41 0.25 0.29
(7–14) 9.5 (7–15) 0.79

(55–73) 73 (61–76) 0.92 0.62 0.79
(65–80) 69.5 (66–80) 0.54

(33.5–56) 49 (44–52) 0.34 0.99 0.34
(38–53) 47 (42–52) 0.44

(13–25) 20 (15–25) 0.70 0.51 0.73
(15–31) 23 (15–29) 0.61

(1.9–4.2) 2.5 (1.8–3.2) 0.85 0.27 0.72
(1.6–3.4) 1.95 (1.8–3.2) 0.80

(8–21) 12 (8–13) 0.20 0.01 0.11
(4–10) 7 (2–14) 0.02
mph
pres

1.53
1.52

12
9

60
75

45
49

18
19

3.3
2.1

11
7

pressor cytotoxic cell; CD19 � B-cell.
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evel as well as to the underlying disease. The same
uthors hypothesized that natural-killer cells inhibition
ay be partially modulated both by sympathetic block

nd cortisol plasma increase. Infusion of epinephrine
nhances natural-killer activity [28] and this effect can be
nhibited by oral administration of a �-adrenoceptor
ntagonist [29]. These effects might be explained by the
resence of adrenergic-specific receptors expressed by

ymphocytes placed in close proximity of sympathetic
erve endings [30].
Drugs administered to patients during general anes-

hesia may also affect lymphocyte response [18]. In par-
icular, opioids may depress immunity [18–20] although
ome effect can also be related to nonopioid anesthetics
nd propofol. Pirttikangas and colleagues [20] found a
igher percentage of CD4� cells after anesthesia with
ropofol in comparison with conventional combined an-
sthesia. Another poorly investigated field regards the
otential interaction between cisatracurium and immu-
ologic response.
Avoidance of OLV could also have contributed to the
ore physiologic lymphocyte response observed in

wake patients. Indeed, in 1993, Tonnesen and colleagues
8] first reported that in patients undergoing major tho-
acic surgery under general anesthesia, OLV was associ-
ted with an immediate decrease in natural-killer activ-
ty. Recent studies [31–33], have shown that OLV can
rigger a series of complex oxidative changes in both the
entilated and nonventilated lung, which eventually re-
ult in a compartmental release of proinflammatory me-
iators including interleukin 6 and 8, and tumor necrosis

actor-�. The local activation of proinflammatory media-
ors and the subsequent spillover into the systemic
irculation could act as an important modulator of post-
perative lymphocyte response. As the hypothalamic-
ituitary-axis activity is enhanced by some circulating
ytokines including interleukin-6 [2], OLV may interfere
ith natural-killer activity by a transient increase of

ortisol plasma level, which is one of the main modula-
ors of lymphocyte apoptosis and function.

In our study, the proportion of natural-killer cells
ecreased postoperatively in the control group whereas it
emained relatively stable in the awake group. This
ight reveal a potential advantage of awake thoracic

urgery. Other potential advantages of this globally min-
mally invasive approach have been previously shown by
ur group [21–25] and include easy accomplishment of
ast-track surgery programs, prompt resumption of com-

on daily life activities, and reduced in-hospital costs.
We acknowledge some limitations of our study that

nclude the small cohort and the nonhomogeneous types
f surgical procedures. Nonetheless, the trial sample size
as determined a priori to assure a statistically accept-

ble power in detecting intergroup differences in results;
et, study groups were well matched in demographics,
nd preoperative and surgical data. Another limitation
ight be considered the avoidance of epidural anesthe-

ia in the control group. However, we have considered it
onethical to perform epidural catheterization and gen-

ral anesthesia in patients undergoing simple VATS

1

rocedures. This choice is also justified from some re-
orts in the literature [34–36]. Finally, our current anal-
sis is still limited to quantitative assessment and relative
roportion of circulating lymphocyte subsets, whereas no
ata on lymphocyte activity as well as circulating inflam-
ation biomarkers and endocrine response are pre-

ented in this study.
In conclusion, awake VATS is a promising and poten-

ially revolutionary novel surgical approach that war-
ants further clinical investigation. Our current findings
ight reveal practical relevance once corroborated by

arger studies showing that the higher postoperative
ymphocytes depletion observed in the general anesthe-
ia group is associated with an increased risk of postop-
rative infections and (or) tumor progression.
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