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Abstract. Background: Surgical stress and anesthesia affect
the patient’s immune system. Analysis of the lymphocyte
response after breast-conserving surgery was conducted to
investigate the differences between effects after general and
local anesthesia. Materials and Methods: Fifty-six patients
with breast cancer were enrolled for BCS through local or
general anesthesia. Total leukocytes, total lymphocytes,
lymphocyte-subsets including CD3*, CD19%, CD4*, CDS8*,
CDI6*CD56" and CD4%/CD8* ratio was examined at
baseline and on postoperative days 1, 2 and 3. Results:
Baseline data showed no statistical difference between the
two groups. Within-group ANOVA test showed significant
differences for total leukocyte count (p<0.001), total
lymphocyte count (p=0.009) and proportion of natural-killer
cells (p=0.01) in the control group. Between-group analysis
showed lower median values of total lymphocytes in the
awake surgery group on postoperative days 1, 2 and 3
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(p=0.001, p=0.02 and p=0.01, respectively) when compared
to the control group. Patients who underwent surgery under
general anesthesia had higher total lymphocyte counts
on postoperative day 2 (p=0.04). Conclusion: In this
randomized study, breast-conserving surgery plus local
anesthesia had a lower impact on postoperative lymphocyte
response when compared to the same procedure performed
under general anesthesia.

Lymphocytes are fundamental types of white blood cells.
Cells of the lymphatic system play a crucial role in the
immune system due to their regulatory function through
regulatory cytokines and due to cytotoxic activity against
tumors and infections (1, 2). As underlined in the literature,
surgical stress and general anesthesia may reduce the
numbers of circulating lymphocytes (1-6). It is a widely held
view that impairment of immune function can predispose to
infectious complications such as surgical site infections (SSI)
(5-8). Moreover, reduced cytotoxic activity of peripheral-
blood lymphocytes can increase the probability of tumor
progression and metastasis (4, 5, 9-13).

According to several studies, use of a minimally invasive
approach in thoracic surgery (1, 14, 15) and abdominal
surgery (16-18) demonstrated that immune function may be
better preserved. However, there is lack of high-level
evidence about the protective role of minimally invasive
techniques in early lymphocyte response and it is
conceivable that, regardless of the surgical approach, any
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type of surgical procedure may have an impact on the early
postoperative immune response. Surgical trauma and adverse
effect of drugs administered during general anesthesia may
interfere with the immune system (19-22).

In 2011, we started an investigational clinical program in the
Breast Surgery Department performing breast-conserving
surgery (BCS) and sentinel lymph node biopsy (SLNB) under
local anesthesia alone in awake patients (awake breast surgery).

The hypothesis that was tested is that awake breast
surgery may minimize the impact of surgery on early
postoperative lymphocyte response by avoiding adverse
effects of general anesthesia.

Materials and Methods

Study design and randomization procedure. This study was designed
as monocentric, prospective, randomized, two-arm, blinded (awake
group versus a control general-anesthesia group). The Institutional
Review Board of Policlinico Tor Vergata Foundation waived the need
for a formal approval because of the clinical nature of the study with
no evidence of detrimental effect or clinical risk for the patients. Main
eligibility criteria were the diagnosis of invasive malignant breast
disease and planned BCS (other eligibility criteria are listed in Table
I). Prior to enrolment, each patient was fully informed about the pros
and cons of each type of surgical approach by a surgeon. All patients
signed written-informed consent for participation in the study.
Therefore, 80 consecutive patients were recruited for this study from
December 2011 to June 2016 in accordance with the main eligibility
criteria. Trial size was determined by the number of patients
necessary to yield, by a nonparametric two-sided test with a power
of 0.8 and with an a error of 0.05, a 1.5-fold difference in the median
total leukocyte count. In order to avoid selection bias, the allocation
of patients (awake group versus control group) was performed using
software during study design by the Statistical Department. Surgeons
performing breast surgeries were not informed about the type of
anesthesia until the time of operation and it was communicated to
them by telephone.

The impact of anesthesia on postoperative lymphocyte response
was assessed using the lymphocyte count at baseline and
postoperative days 1, 2 and 3, which was chosen as the primary
endpoint. This interval was chosen because in a previous pilot
investigation, we found out the most significant change from
baseline value to occur within this time frame.

Venous blood sampling time points and preoperative set up. Before
the start of daily scheduled surgeries (at 7: 30 a.m.), venous-blood
samples of patients were collected via peripheral vein of antecubital
arm; blood samples were acquired at the same time on postoperative
days 1, 2 and 3. Only after blood sampling were the patients sent
for lymphoscintigraphy with 99mTc albumin nano colloid for
preoperative sentinel node identification and wire-guided
localization if needed. Total lymphocytes count, and changes in
proportion of specific lymphocyte subsets [including CD19+, CD3+,
CD4+*, CD8*, CD4+/CD8* ratio and natural-killer (NK)
lymphocytes] and total leukocytes were evaluated in the three
samples at the Hematology Department of our Institution for
immediate, real-time assay without need for storage. Samples were
processed with a cell counter (Coulter Beckmann, MedLab,
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Table 1. Inclusion criteria for the study.

Breast invasive cancer ¢T1-2 ¢cNO

Planned BCS

American Society of Anesthesiologists’ score 1

No use of steroids drugs from 2 months prior to operation

No use of anti-inflammatory drugs from 1 month prior to operation
No use of B-adrenoceptor agonist drugs from 2 months prior to operation
No autoimmune disease

No diabetes mellitus or endocrine disorder

No previous history of cancer

Patient’s acceptance of the assigned study group

Table II. Main baseline and operative findings in study groups. Data
are expressed as median (IQR). Significance was tested with Mann—
Whitney U-test.

Group
Awake Control Intergroup
(n=26) (n=30) p-Value
Baseline
Age (years) 56 (28-82) 52 (34-79) 0.46
M/F (ratio) 0/26 0/30 1
Right/Left (ratio) 14/12 15/15 1
Diagnosis
Ductal carcinoma 21 23 043
Lobular carcinoma 3 3 1
Medullar cancer 1 2 1
Mucinous cancer 1 1 1
Tubular cancer 0 1 1
Peri-postoperative
Operative time (min) 54 (37-69) 58 (38-78) 0.24
Minor complication rate, n 0/26 1/30 0.37
Hospital stay (days) 1.7 (1-3) 1.9 (1-5) 0.2

M/F: Male/female.

Cupertino, CA, USA). FACS Calibur (BD Biosciences, Franklin
Lakes, NJ, USA) three-color flow cytometry was used to obtain
lymphocyte subsets by incubating blood samples for 30 minutes
with monoclonal antibodies at 4°C. The percentage of subsets was
calculated through differential gating after triple-color staining.

Anesthesia and surgical techniques-postoperative management.
Surgical planning was evaluated before communication of group
assignment so as not to be influenced by the anesthesia to be
administered. All patients were placed in supine decubitus position
with arm open at 90°on the side of operation. The operative
techniques consisted of two different incisions. For the awake
group, surgery was carried out after injection of local anesthesia
(ropivacaine 7.5% plus lidocaine 2%). In the control group, patients
were provided with volatile aesthetic agents or endovascular drugs
or both according to the anesthesiologist’s preference and
supraglottic devices were used for airway management.
Quadrantectomy was performed on the breast and frozen sections
were prepared for extemporaneous specimen microscopic evaluation
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Table III. Preoperative and postoperative responses of total lymphocytes, lymphocyte subsets and total leukocytes as evaluated by the two-way

ANOVA test for repeated measures. Data are expressed as median (IQR).

Surgical group Baseline POD 1 POD 2 POD 3 Within-group
p-Value
Total lymphocytes (103/ul)  Awake 1.92 (1.54-2.42) 1.70 (1.48-2.08) 1.63 (1.30-1.93) 1.7 (1.20-2.01) 0.009
Control 1.90 (1.78-2.7) 1.96 (1.53-1.97) 2.15 (1.65-2.23) 1.92 (1.01-1.99) 0.34
CD19+ (%) Awake 12 (7-14) 12 (7-17) 12 (8-15) 8 (7-17) 0.85
Control 12 (7-15) 12 (7-16) 10 (7-15) 9 (7-15) 048
CD3* (%) Awake 71 (60-75) 69 (63-73) 63 (59-77) 73 (60-79) 0.69
Control 71 (64-75) 68 (60-75) 74 (62-88) 69 (66-88) 0.88
CD4+ (%) Awake 52 (40-55) 48 (43-54) 45 (39-59) 50 (44-58) 0.45
Control 49 (39-52) 47 (40-59) 45 (38-51) 49 (42-54) 042
CD8* (%) Awake 20 (17-26) 20 (18-30) 19 (18-26) 20 (14-27) 048
Control 21 (18-25) 22 (18-31) 19 (15-31) 22 (17-28) 0.72
CD4+/CD8* Awake 24 (14-33) 24 (1.5-34) 2.7 (2.0-3.6) 2.6 (19-3.1) 0.54
Control 2.3 (1.3-3.1) 2.3 (14-2.9) 2.2 (19-3.3) 23 (1.7-29) 0.77
NK (%) Awake 13 (8-15) 12 (8-14) 11 (8-15) 12 (8-14) 0.01
Control 11 (8-12) 11 (9-13) 10 (8-13) 11 (9-16) 045
Total leukocytes (x103/ul)  Awake 5.65 (4.20-8.34) 6.53 (5.45-9.32) 6.14 (5.76-9.02) 6.27 (5.37-8.64) 03
Control 5.80 (4.56-8.32) 9.03 (8.27-9.99) 7.33 (7.56-9.78) 6.67 (5.34-8.56) <0.001

Markers: CD19: B-Cell; CD3: T-lymphocyte; CD4: T-lymphocyte inducer cell; CD8: T-suppressor cytotoxic cell; NK: natural killer cell.

of the margins. Evaluation of SLNs identified with 99MTc¢ albumin
nano colloid by gamma detection system through frozen section was
performed. When margins were involved or macrometastasis was
found, general anesthesia was administered for performing
mastectomy or axillary node dissection, respectively; these patients
were excluded from the analysis. At the end of the surgery 15-Fr.
drainage was placed and removed when serous fluid loss was less
than 30 ml/24 hours. Intravenous cefotaxime at 2 g twice a day until
postoperative day 2 was administered as antibiotic prophylaxis.
During the surgical procedure, fluid infusion at 1.5 ml/kg/h of
normal saline and Ringer’s solution were used in both groups of
patients. In the awake group, fluid infusion was stopped 2 hours
after surgery and oral intake immediately was allowed. In the
control group, fluid infusion continued postoperatively for 12 hours.
The evaluation of creatinine level and urinary output demonstrated
no significant difference in fluid balance between the groups. The
use of nsaid nonsteroidal anti-inflammatory drugs and steroid drugs
was forbidden after surgery, and postoperative analgesia was
guaranteed through an elastomeric device with tramadol (200 mg/24
hours at a rate of 2 ml/hour).

Statistical analysis. Median and interquartile range (IQR) were
calculated for the collected data. Two-way ANOVA test was used
for repeated measures at baseline and postoperative days 1, 2 and
3, respectively. Variables were subsequently analyzed by means of
the Mann—Whitney U-test at each time between groups. All
statistical analyses and randomization were carried out using the
SPSS platform (V.23; IBM, Armonk, NY, USA).

Results

Baseline data and surgical results. After enrollment, out of 80
patients, eight withdrew consent, five of them preferring general
anesthesia, and another three preferring local anesthesia.

During the surgical procedure, 16 patients were excluded
because they underwent under general anesthesia in order to
complete the mastectomy (n=7) or lymphadenectomy (n=9).
Table II summarizes demographics, surgical procedure,
preoperative and perioperative data, and analysis of these
showed no statistical differences between groups. Out of the
56 patients, the majority of cases were ductal carcinoma
(44, 79%), and five patients had positive SLNB after
definitive staining, and they were assigned to axillary
lymphadenectomy. No difference was found in median
operative time, nor in intraoperative complication or
technical difficulty. No patients in the awake group needed
change in anesthesia strategy. The hospital stay was slightly
longer in the control group (Table II).

Total lymphocyte counts and lymphocyte subsets. Table 111
displays the summary of the results of the blood tests on the
day of surgery and at the three postoperative timepoints.
Before the procedure, the total lymphocyte count, proportions
of lymphocyte subpopulations and total white blood cell did
not differ between the two groups. Within-group ANOVA test
showed significant differences for total leukocyte and total
lymphocyte counts (p<0.001 and p=0.009, respectively) in the
control group. Analyzing the differences between groups, the
awake group had a lower median total leukocyte count
compared with the control group on postoperative day 1
(p=0.001) day 2 (p=0.02) and day 3 (p=0.01) higher total
lymphocyte count on postoperative day 2 was found (p=0.04)
in the control group. No difference was found in the remaining
lymphocyte subset.
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Discussion

The main role of the immune system is to preserve and
defend body integrity against pathogens and diseases.
Lymphocyte functions enhance resistance to postoperative
SSI and postoperative infections in general (3-5). Moreover,
lymphocytes and NK cells represent a first line of defense
against intravascular spread of tumor through non-specific
and specific immune response (4, 8, 10-12, 14). In addition,
impairment in immune function and lymphocyte activity was
associated with several adverse effects and an increased risk
of tumor development and grown (3-5, 8-12). In our study,
different types of anesthesia are associated with different
postoperative pattern of lymphocyte responses according to
quantity and subset. The results of the awake group showed
a lesser lymphocyte response then the equivalent breast
procedure performed under general anesthesia. Our data
suggest a different model of response between the two
groups, specifically after a peak in the postoperative day 1,
total leukocyte counts decreased postoperatively
(postoperative day 2 and day 3) in the control group while
remaining relatively steady in patients of the awake group.
Even if various other factors may have played a role in
producing these results, randomization and the lack of
significant difference in patients’ baseline data indicate that
the method of anesthesia performed appears to be linked to
postoperative changes in white blood cells. In literature (22,
23) it was demonstrated how a combination of local and
epidural analgesia may play a protective role in late (<72 h)
postoperative suppression of lymphocytes, but this effect was
not found when the analysis was focused on the early
postoperative period. Yokoyama et al. showed that local and
epidural anesthesia are linked with a transient reduction of
NK cell activity considered unrelated to the pain level and
the disease treated (5). The same authors linked the
depression of NK cell activity with plasma cortisol increase.
Furthermore, infusion of epinephrine improved NK cell
activity (24) and the administration of [-adrenoceptor
antagonist during the procedure reduced NK cell activity
(25), according to the authors as a direct consequence of
adrenergic-specific receptors expressed by lymphocytes in
proximity of sympathetic nerve endings (26).

During general anesthesia, drugs administered may also
condition the lymphocyte response (14, 18). Opioids may
depress immunity (18-21) even if part of the decrease can be
linked to non-opioid aesthetics and propofol. Pirttikangas et
al. found a higher percentage of CD4* cells following
anesthesia with propofol in comparison to conventional
combined anesthesia (20).

Several studies stated that ventilation, and in particular
thoracic one-lung ventilation, can elicit an oxidative cascade
in the ventilated and non-ventilated lung, which can
stimulate eventually the secretion of proinflammatory
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chemokines (27-33). The paracrine secretion of these
mediators may elicit systemic spread through the vessel
architecture of the lung. This spread can play a role in the
modulation of postoperative immune response. According to
our study, total lymphocytes and total leukocytes counts
remained relatively stable in the postoperative day 1, 2 and
3 only in the awake group.

The minimally invasive approach showed great advantage
in thoracic and general surgery (21, 22, 34-36) alone or
within enhanced recovery after surgery (ERAS) protocols,
multimodal fast-track surgery programs, which they permit
a reduced length of stay, total complications, and total costs
across all types of surgeries. In gastrointestinal surgery, the
ERAS protocol Ied to a faster return of gastrointestinal
function. Application of the same protocols in breast surgery
might allow length of stay and opioid use to be reduced, with
an even faster prompt resumption of common activities of
daily life and freeing-up of hospital beds (32-33). The breast
cancer surgery ACOSOG Z0011 (Alliance) randomized
clinical trial demonstrated the non inferiority of SLNB alone
compared to axillary node dissection in patients with SLNB
metastases treated with BCS, increasing the number of
procedures that can be completed under local anesthesia
alone (37-39).

Our study showed some limitations. The small cohort of our
study was calculated a priori to ensure a statistically
acceptable power to detect intergroup differences in results,
yet all the preoperative and operative data showed no
statistical difference. Another limitation of our study might lie
in the analysis of quantitative assessment of total lymphocytes
and subsets without any information on actually lymphocyte
activities, inflammation biomarkers and endocrine functions.

In conclusion, further studies are needed to assess the
benefit and the potential of this minimally invasive surgery
protocol. Our current findings may reveal a practical relevance
once demonstrated in larger studies in that postoperative
lymphocyte depletion, as observed in the general anesthesia
group, is associated with an increased risk of postoperative
infection, such as SSI, and tumor progression.
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