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Clinical Research Article

Background: The aim of this study was to test the hypothesis that the use of inhalational 
anesthesia leads to higher suppression of the cell-mediated immunity compared to total 
intravenous anesthesia in patients undergoing kidney cancer surgery under combined low 
thoracic epidural analgesia and general anesthesia. 
Methods: Patients were randomly allocated to either propofol-based (intravenous anes-
thetic) or sevoflurane-based (volatile anesthetic) anesthesia group with 10 patients in each 
group, along with epidural analgesia in both groups. Amounts of natural killer (NK) cells, 
total T lymphocytes, and T lymphocyte subpopulations in the blood samples collected 
from the patients before surgery, at the end of the surgery and postoperative days 1, 3 and 
7 were determined by flow cytometric analysis. The NK cell count served as the primary 
endpoint of the study, whereas the total T lymphocyte count and cell counts for T lympho-
cyte subpopulations were used as the secondary endpoint. 
Results: Our study showed that there were no significant differences in the amount of NK 
cells, total T lymphocytes, regulatory T cells, and T-helper cells, cytotoxic T lymphocytes, 
and their subpopulations between the propofol- and sevoflurane-based anesthesia groups 
when the anesthesia was administered in combination with epidural analgesia. 
Conclusions: The results of this pilot study did not support the hypothesis that the use of 
inhalational anesthesia leads to higher suppression of the cell-mediated immunity than 
that of total intravenous anesthesia in patients undergoing kidney cancer surgery under 
combined low thoracic epidural analgesia and general anesthesia. 
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Introduction 

Kidney cancer is the sixth most common cancer among men, and the eighth most 
common cancer among women [1]. Nephrectomy and surgical resection are the primary 
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methods of choice for the treatment of renal cancer. Perioperative 
stress is associated with neuroendocrine and immune de-arrange-
ments and contributes to the survival of circulating tumor cells 
and minimal residual disease [2]. Several in vivo, animal, and ret-
rospective clinical studies showed that anesthesia contributes to 
the perioperative stress and may affect cancer recurrence and sur-
vival [3]. 

Suppression of cell-mediated immunity has been hypothesized 
to be associated with poor long-term outcomes of cancer surgery 
[4]. Several studies demonstrated that the use of volatile anesthet-
ics during cancer surgery is associated with poor outcomes as 
compared to the use of intravenous anesthetic, propofol [5–7]. 
These differences in the outcomes are contributed through vari-
ous effects of anesthetic agents on various immune cells, such as 
natural killer (NK) cells, cytotoxic T lymphocytes (CTL), and 
T-helper (Th) cells [8–11]. 

Although epidural analgesia is routinely used and widely ac-
cepted in cancer patients, the selection of an appropriate type of 
anesthesia (inhalational versus total intravenous anesthesia) re-
mains a matter of debate. Furthermore, studies have so far not 
standardized the effects of combined anesthetic interventions (e. 
g., regional and opioid analgesia) on cell-mediated immunity. 

The aim of this study was to test the hypothesis that the use of 
inhalational anesthesia as compared to total intravenous anesthe-
sia leads to the higher suppression of the cell-mediated immunity 
in patients undergoing kidney cancer surgery under combined 
low thoracic epidural analgesia and general anesthesia, by con-
ducting a pilot, randomized, controlled trial (RCT). 

Materials and Methods 

Study population 

The RCT was approved by the ethics committee of E. Me-
shalkin National Medical Research Center, Novosibirsk, Russian 
Federation (Approval number 14/2018). The trial was registered 
prior to patient enrollment at clinicaltrials. gov (NCT03514550, 
Principal investigator: Efremov Sergey, Date of registration: May 
2, 2018). Written informed consent was obtained from all partici-
pants. All patients were operated in E. Meshalkin National Medi-
cal Research Center. 

Patients with renal cancer scheduled for open nephrectomy or 
kidney resection were eligible for the study; inclusion criteria were 
as follows: surgery for renal cancer and signed informed consent; 
exclusion criteria: propofol or sevoflurane intolerance, contraindi-
cations to epidural analgesia, renal failure, liver failure, congestive 
heart failure, previous chemotherapy, and co-morbid hematologi-

cal diseases. 
Before anesthesia induction, patients were randomly allocated 

to either propofol-based (intravenous) or sevoflurane-based (in-
halational) anesthesia groups with 10 patients in each group. Ran-
dom allocation sequence generation, enrollment, and the alloca-
tion of the participants to the interventions were performed by an 
investigator not involved in the intervention and outcome assess-
ment. A simple randomization sequence was generated electroni-
cally (https://www.sealedenvelope.com). Patients were allocated 
to the intervention using numbered-opaque-sealed envelopes, 
and the procedure for the allocated intervention was performed 
immediately after opening the envelope. Flank incision was used 
for surgical access to the kidney.  

Clinical characteristics  

Demographic and perioperative data were collected and ana-
lyzed, including age, height, weight, gender, cancer stage, minimal 
body temperature during operation, duration of surgery (defined 
as the period between skin incision and skin closure), duration of 
anesthesia (defined as the period between induction to anesthesia 
and end of the administration of the anesthetic agents, sevoflu-
rane or propofol), ventilation time, intensive care unit stay and 
duration of hospitalization. 

Anesthesia 

The enrolled patients were not premedicated. Intraoperative 
monitoring included ECG, pulse oximetry, body temperature, and 
invasive arterial pressure. Forced-air warming with a blanket cov-
ering legs were used for the maintenance of normothermia. Epi-
dural analgesia was performed using an 18-gauge (G) Touhy nee-
dle using the median or para-median approach at the T10–11 or 
T11–12 vertebral level. After confirmation of the needle tip place-
ment, using saline for the loss of resistance technique, catheteriza-
tion of epidural space with a 20 G epidural catheter was per-
formed, and 7 ml of 0.75% ropivacaine was administered. Epidur-
al block in relevant dermatomes has been confirmed using an al-
cohol swab test for 20 minutes after ropivacaine administration. 
Repeated epidural 0.75% ropivacaine injection was performed af-
ter 1–3 hours of initial dose in accordance with the anesthesiolo-
gist decision. 

Anesthesia induction was performed by administering propofol 
at a dosage of 1.5–2.5 mg/kg intravenously, in the propofol-based 
anesthesia group, and sevoflurane 5–8% inspired concentration 
with 50% oxygen, in the sevoflurane-based anesthesia group. Li-
docaine (1 mg/kg) and fentanyl (2 µg/kg) were given intravenous-
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ly, 3 min before intubation to all the patients. After loss of con-
sciousness and confirmation of adequate mask ventilation, rocu-
ronium (0.6 mg/kg) was administered intravenously for muscle 
relaxation. Tracheal intubation was performed 1–2 min after ro-
curonium injection. Antibiotic prophylaxis was performed using 
Cefuroxime (1500 mg, intravenous administration). 

Anesthesia was maintained with a dosage of 0.1–0.2 mg/kg/min 
propofol in the propofol-based group, and with 1 minimal alveo-
lar concentration of sevoflurane in the sevoflurane-based group. 
Opioids were not used for anesthesia maintenance. During anes-
thesia, the mean blood pressure was maintained above 60 mmHg. 
At the end of the surgery, the administration of propofol or sevo-
flurane was stopped, the patients were transferred to the post-an-
esthesia care unit, and the epidural analgesia was continued with 
0.25% ropivacaine for up to 2 days after surgery. The rate of post-
operative epidural ropivacaine infusion was set as 3–8 ml/h and 
delivered by syringe pump in accordance to individual require-
ments and tolerability. In the absence of contraindications, 
non-steroid anti-inflammatory drugs (ketoprofen) and/or acet-
aminophen were used routinely for multimodal analgesia in all 
patients. Parenteral opioids were allowed for analgesic rescue 
postoperatively in cases when multimodal analgesia was insuffi-
cient. 

Blood samples 

Venous blood samples were collected before surgery, at the end 
of the procedure, and on postoperative days (POD) 1, 3, and 7. 
Blood samples were collected in ethylenediaminetetraacetic acid 
tubes. Flow cytometric analysis was performed immediately after 
blood collection. 

Determination of frequencies of natural killer cells and 
T lymphocytes by flow cytometric analysis 

The primary endpoint of the study was NK cell count, and the 
secondary endpoint was the total T lymphocyte count and counts 
for the T lymphocyte subpopulations, such as Th cells, CTL, naive, 
central memory (CM), effector memory (EM), terminally differ-
entiated effector memory (TEMRA) of Th cells and CTL cells, 
natural killer T cells (NKT), and regulatory T cells (Treg).  

Frequencies of NK cells and the different types of T lympho-
cytes in the blood samples were determined based on the expres-
sion of cell-type-specific cluster of differentiation (CD) antigens. 
Anti-human antibodies specific to the various CD antigens and 
conjugated to specific fluorophores, allophycocyanin (APC), 
APC-Alexa Fluor (AF)-700, APC-AF-750, phycoerythrin (PE), 

phycoerythrin-Texas-Red-x (ECD), phycoerythrin-Cyanin 7 
(PC7), phycoerythrin-Cyanin 5 (PC5), pacific blue (PB), were 
purchased from Beckman Coulter (France), and flow cytometry 
analysis was performed based on the antibody staining. Investiga-
tors, blinded to the allocated intervention, performed the flow cy-
tometry analysis. For that, 100 μl of whole blood samples were 
stained with the specific fluorophore-conjugated monoclonal an-
tibodies at room temperature (20–25°C), in the dark, for 15 min, 
in accordance with the manufacturer’s instructions. Red blood 
cells were lysed using the IQTest 3 Lysing Solution (IM3514, 
Beckman Coulter, France) at room temperature, in the dark, for 
10 min. The various immune cells in the peripheral blood were 
identified using the Navios flow cytometer (Beckman Coulter, 
USA), and analysis was performed according to the manufactur-
er’s protocol. Flow cytometric analysis was performed with at least 
10,000 events in every measurement. 

The use of antibodies for the determination of circulating 
NK and NKT cells 

The amount of circulating NK and NKT cells in the peripheral 
blood samples was determined using APC-AF 750-conjugated 
anti-human CD3 antibody (A66329), PC7-conjugated anti-hu-
man CD16 antibody (6607118), and PC7-conjugated anti-human 
CD56 antibody (A51078). All antibodies were purchased from 
Beckman Coulter, France. The specific cell types were identified 
based on the expression of the specific CD antigens: CD3- CD16+ 
CD56+ for NK cells , CD3+ CD16+ CD56+ for NKT cells. 

The use of antibodies for the determination of total  
T lymphocytes and its subpopulations 

The quantity of circulating total T lymphocytes, Th cells, CTL 
and its subpopulations in the peripheral blood samples were de-
termined using APC-AF 750-conjugated anti-human CD3 anti-
body (A66329), APC-conjugated anti-human CD8 antibody 
(IM2469U), PC7-conjugated anti-human CD4 antibody 
(A6607101), ECD-conjugated anti-human CD62L antibody 
(IM2713U), PE-conjugated anti-human CD45RO antibody 
(IM1307U), and PB-conjugated anti-human CD45RA antibody 
(A82946). All antibodies were purchased from Beckman Coulter, 
France. The specific cell types were identified based on the ex-
pression of the specific CD antigens: CD3+ for mature T lympho-
cytes ; CD3+ CD4+; CTL, and CD3+ CD8+ forTh cells; CD3+ CD4+ 
CD62L+ CD45RA- for CM Th cells; CD3+ CD8+ CD62L+ CD45RA- 
for CM CTL cells; CD3+ CD4+ CD62L- CD45RA- for EM Th cells; 
CD3+ CD8+ CD62L- CD45RA- for EM CTL cells; CD3+ CD4+ 
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CD62L+ CD45RA+ for naive Th cells; CD3+ CD8+ CD62L+ 
CD45RA+ for naive CTL cells; CD3+ CD4+ CD62L- CD45RA+ for 
TEMRA Th cells; CD3+ CD8+ CD62L- CD45RA+ for. TEMRA 
CTL cells. 

The use of antibodies for the determination of circulating 
regulatory T cells 

The amount of circulating regulatory T cells in the peripheral 
blood samples was determined using APC-AF 750-conjugated 
anti-human CD3 antibody (A66329), PC7-conjugated anti-hu-
man CD4 antibody (A6607101), PC5-conjugated anti-human 
CD25 antibody (IM2646U), and APC-AF 700-conjugated an-
ti-human CD127 antibody (A71116). All antibodies were pur-
chased from Beckman Coulter, France. 

Statistical analysis 

Comparisons within each group, as well as between the two an-
esthesia groups, were performed using mixed-effects model (with 
time and patient as random effects and group as fixed effects), in-
corporating multiplicity correction by Tukey’s method. Levene’s 
test was performed, and sphericity was confirmed to be valid. 
Qualitative characteristics were compared using the χ2 test and 
Fisher’s exact test, wherever appropriate. The level of significance 
was set at P <  0.05 (two-tailed). Statistical analysis was performed 
using MedCalc statistical software version 13. 1. 0 (MedCalc Soft-

ware, Belgium). Data were summarized and presented as median 
and Q1–Q3. Cellular distributions are represented in numbers 
and percentages. 

Results 

In total, 20 patients were enrolled from May 2018 to April 2019, 
and 10 patients were randomly allocated to each the propofol- or 
sevoflurane-based anesthesia groups (Fig. 1). Groups showed no 
evidence of differences in terms of baseline and perioperative 
clinical characteristics (Table 1). Epidural block was successful in 
all patients. No hemodynamic reactions during skin incision or 
wound traction were observed. Norepinephrine infusion in order 
to maintain mean arterial pressure above 60 mmHg was required in 
(20%, n = 2) patients of propofol and (20%, n = 2) of sevoflurane 
groups. 

The extent of postoperative pain in accordance with 10-points 
visual analog scale (VAS) showed no evidence of difference in 
both groups. Thus, VAS values were equal to 2.5 (2–3) and 2 (2–3) 
at the day of surgery, 2 (2–3) and 3 (3–3) at the first POD 2 (2–3) 
and 2 (2–2) at the third POD in the propofol and sevoflurane 
groups, accordingly. One patient in the propofol group and 2 pa-
tients in the sevoflurane group needed rescue analgesia with tra-
madol after discharge from the post-anesthetic care unit. 

Detailed cell count data are provided in Table 2. We used NK 
cell count as the primary endpoint of the study, and our analysis 
showed that there were no significant differences in the amount of 

Enrollment

Exclueded (n = 6)
• Not meeting inclusion criteria (n = 2)
• Declined to participate (n = 4)

Inhalational anesthesia (n = 10)
• Received intervention (n = 10)

1, 3, 7 days follow-up (n = 10)

Analysed (n = 10)

1, 3, 7 days follow-up (n = 10)

Analysed (n = 10)

Total intervenous anesthesia (n = 10)
• Received intervention (n = 10)

Fig. 1. CONSORT flow diagram.

Assessed for eligibility (n = 26)

Randomized (n = 20)

Allocation

Follow-up

Analysis
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NK cells between the propofol- and sevoflurane-based anesthesia 
groups. NK cell counts, observed during the different stages and 
represented as median [interquartile range], were: 169 (105–466) 
and 187 (147–453) at baseline, 109 (67–262) and 166 (51–245) at 
the end of the surgery, 116 (69–150) and 128 (71–226) at POD 1, 
121 (55–223) and 128 (63–186) at POD 3, 148 (96–245) and 151 
(131–206) at POD 7; in the propofol-based and sevoflurane-based 
anesthesia group, respectively (P =  0.055). The secondary end-
point was the total T lymphocyte count and counts for T-cell sub-
populations. Our analysis showed that there were no significant 
differences in the amount of total T lymphocyte, Treg cells, Th cells, 
CTL, and their subpopulations between the propofol- and sevo-
flurane-based anesthesia groups. However, a small reduction in 
NK cell counts was observed during the first 3 POD in both 

groups. Significant within-group differences in the total T lym-
phocytes count (P <  0.001) and Treg cells (P <  0.005) were ob-
served in both groups. Significant within-group differences in the 
total count of Th cells (P <  0.001), and its subpopulations, naive 
Th cells (P <  0.001), CM Th cells (P <  0.001), EM Th cells (P <  
0.001) were observed during surgery, POD 1, and POD 3 in both 
groups and the corresponding levels were recovered to the normal 
by POD 7. Similarly, significant differences in the total count of 
CTL (P <  0.001), and its subpopulations, naive CTL (P <  0.001), 
CM CTL (P <  0.005), EM CTL (P <  0. 05) were observed during 
surgery, POD 1 and POD 3, in both groups and the levels were re-
covered by POD 7. 

Table 1. Clinical Characteristics

Propofol (n =  10) Sevoflurane (n =  10) P value
Age (yr) 59 (58–67) 62 (57–62) > 0.999
Sex (F) 5 (50) 4 (40) 0.659
Height (cm) 168 (159–172) 166 (164–171) 0.873
Weight (kg) 87 (75–97) 79 (68–85) 0.271
Cancer stage
  1 3 (30) 3 (30) 0.380
  2 1 (10) 0
  3 6 (60) 5 (50)
  4 0 2 (20)
Distal metastases at diagnosis 0 2 (20) 0.138
Invasion to inferior vena cava 0 1 (10) 0.325
Redo surgery 0 1 (10) 0.325
ASA score
  II 6 (60) 4 (40) 0.382
  III 4 (40) 6 (60)
Surgery type
  Nephrectomy 7 (70) 8 (80) 0.611
  Kidney resection 3 (30) 2 (20)
Intraoperative characteristics:
  Total ropivacaine dose (mg) 75 (53–75) 75 (53–120) 0.633
  Lowest mean arterial pressure (mmHg) 57 (51–67) 65 (61–67) 0.082
  Blood transfusion 0 (0) 1 (10) 0.317
  Crystalloids infusion (ml) 1500 (1000–1500) 1500 (1500–2500) 0.153
  Diuresis (ml) 305 (200–470) 345 (180–420) 0.970
  Minimal body temperature (°C) 36.0 (35.7–36.1) 36.0 (35.5–36.5) 0.559
  Duration of surgery (min) 60 (50–100) 90 (60–210) 0.090
  Duration of anesthesia (min) 132 (100–170) 125 (105–270) 0.628
Postoperative characteristics:
  Ventilation time (h) 1.5 (0–2) 1 (0–2) 0.973
  PACU stay (days) 1 (1–1) 1 (1–1) 0.470
  Hospitalization (days) 7 (6–7) 6 (5–7) 0.262
 Values are presented as median (Q1–Q3) or number (%). PACU: post anesthetic care unit.
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Discussion 

An important observation from this study is that the suppres-
sion of the cell-mediated immunity under the use of inhalational 
anesthesia was similar to that during total intravenous anesthesia 
in patients undergoing kidney cancer surgery under combined 
low thoracic epidural analgesia and general anesthesia. Our analy-
sis showed that there were no significant differences in the 
amounts of NK cells, total T lymphocytes, regulatory T cells, Th 
cells, CTL, and their subpopulations between the propofol- and 
sevoflurane-based anesthesia groups when the anesthesia was ad-
ministered in combination with epidural analgesia. 

NK cells are essential defensive cells for attenuation of cancer 
progression [12], and due to their anti-tumor activity, which is in-
dependent of recognition of tumor-specific antigens that are any-
way poorly presented on a majority of the malignant cells, are 
particularly attractive for cancer treatment. Regulatory T cells in-
hibit anti-tumor activity of NK cells and CTL, promote cancer 
growth, recurrence, and metastasis [13].  

The results of our study are in accordance with the existing data 
on the pattern of perioperative-stress-mediated immunosuppres-
sion. Several studies have shown that perioperative stress is re-
sponsible for suppression of cell-mediated immunity lasting up to 
1 week, and the effect is directly related to the extent of surgical 
stress and incidence of postoperative complications, adversely af-
fecting the long-term outcomes [3]. 

Furthermore, there are reports on the suppressive effects of vol-
atile anesthetics on lymphocyte proliferation [14,15] and their 
ability to induce lymphocyte apoptosis [16], whereas propofol was 
shown to have a neutral effect on the lymphocyte function [17]. 
Moreover, advantages of using propofol over sevoflurane on the 
anti-tumor activity of immune cells were investigated in an in vi-
tro study, performed on breast cancer tissue samples. These sam-
ples were obtained from the participants of a large ongoing ran-
domized trial aimed to explore the effect of combined use of 
propofol with paravertebral anesthesia in comparison to sevoflu-
rane with opioid anesthesia (NCT00418457). These pilot studies 
showed that the combined use of propofol and paravertebral an-
esthesia increase the levels of NK and Th cell infiltration in the 
breast cancer tissue samples [18], induce the apoptosis of estrogen 
receptor-negative breast cancer cells [11], and are associated with 
increased NK cell cytotoxicity [9] in comparison to sevoflurane. 
However, in this study, propofol was administered together with 
paravertebral block, whereas sevoflurane was administered with 
opioids. Of note, previous studies have demonstrated the dose-de-
pendent detrimental effects of opioids on NK cell cytotoxicity 
[19], whereas regional anesthesia was shown to attenuate the im-

munosuppressive effects of surgery by reducing the neuroendo-
crine stress due to the lesser anesthetic drug requirements. 

Further, epidural analgesia is hypothesized to be protective for 
cancer patients by attenuating inflammation [20], immunosup-
pression, catecholamine response, sympathetic blockade [21], and 
eliciting of inhibitory effects on perioperative lymph flow, thus 
lowering the risk of intraoperative cancer cell dissemination [22]. 
A meta-analysis of two independent retrospective clinical trials 
showed a favorable impact of regional anesthesia on the mortality 
in cancer patients [23,24]. Nevertheless, a study of Myles et al. 
[25], provided conflicting evidence. Our study did not observe a 
difference between propofol- and sevoflurane-based anesthesia 
groups, probably because the immunosuppression, induced by 
the volatile anesthetics, may be modified when used in combina-
tion with regional analgesia. 

In a recently published RCT by Oh et al. [10], 201 patients 
scheduled for breast cancer surgery were randomly assigned to 
propofol or sevoflurane anesthesia, and no significant differences 
were observed between the two groups in Treg cells (CD39+, 
CD73+), Th type 1 and type 17 cells, NK cells, CTL, cytokines, or 
in the neutrophil-to-lymphocyte ratio. Although the patients en-
rolled in this study were not administered epidural analgesia, 
findings of our study are in accordance with these observations. 

We have herein discussed some of the essential considerations 
and strengths of the current study. Our decision on the enroll-
ment of kidney cancer patients in RCT was based on several rea-
sons. First, open nephrectomy is associated with considerable tis-
sue trauma, and perioperative pain is controlled by epidural anal-
gesia in many occasions. Further, none of the patients enrolled in 
the study received chemotherapy before surgery. The major 
strength of our study is that the confounders that are capable of 
influencing cell immunity are uniform between the two groups, 
and epidural analgesia, opioid-less anesthesia, and maintenance of 
normothermia were applied in both groups. Furthermore, this is 
the first study that is assessing the effects of anesthesia on cell-me-
diated immunity in patients undergoing surgery for kidney can-
cer. Although several large randomized trials on the investigation 
of the effects of anesthesia on clinical outcomes among cancer pa-
tients are ongoing (NCT01975064, NCT03034096, NCT02813044, 
NCT03193710, NCT02660411, NCT02840227), it should be noted 
that none of these trials are designed to administer regional anes-
thesia to all the participants. 

Nevertheless, there are also some limitations of the current 
study. First, it was a pilot trial with a small number of participants 
and hence, it is not powered for the primary endpoint. Second, 
the effect of fentanyl that was administered to all patients during 
the procedure (a single dose of 2 μg/kg) on cell-mediated immu-
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nity is not known. Third, the level of anesthesia using the bispec-
tral index was not monitored during the surgery, and comparative 
data of anesthesia depth are not provided. However, successful 
epidural block in all patients, no cases of intraoperative awareness, 
and end-tidal anesthetic gas guided anesthesia in sevoflu-
rane-based group likely overcome this limitation. Fourth, our 
study measures cell counts, which may not comprehensively re-
flect the function and actual difference in cytotoxic activity. 

In conclusion, the results of this pilot study do not support the 
hypothesis that the suppression of cell-mediated immunity is 
higher under the use of inhalational anesthesia than total intrave-
nous anesthesia in patients undergoing kidney cancer surgery un-
der combined low thoracic epidural analgesia and general anes-
thesia. Our study indicates that the effect of different types of an-
esthesia on cell-mediated immunity might be modulated when 
used in combination with regional analgesia. These findings are of 
importance for designing clinical trials in the future. 
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