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Background: In this study, the effects of sevoflurane or propofol on immune function
in patients undergoing partial hepatectomy were investigated during general anesthe-
sia and after surgery.
Methods: Seventy-two patients undergoing hepatectomy were randomized into sevo-
flurane group or propofol group. Sevoflurane or target- controlled infusion (TCI) of
propofol was separately used to anesthesia induction and maintenance of two
groups. Venous blood samples were taken before induction, 2 hours after anesthesia
and 2 hours after surgery for measurement of the percentages of T lymphocyte
(CD3+, CD4+, CD8+) and NK cells.
Results: Compared with that before anesthesia induction, percentage change in
CD3 + and CD4 + T cells to baseline was - 0.7% and 3.8% in sevoflurane group,
10.2% and 20.2% in propofol group 2 hours after anesthesia (P=0.002 for CD3+ T
cells and P=0.029 for CD4 + T cells ). Percentage change in NK cells was 17.6% in
sevoflurane and -12.2% in propofol group 2 hours after anesthesia respectively (P=
0.03). There was no significant difference in percentage change 2 hours after surgery
of T cells and NK cells to baseline between two groups.
Conclusions: Our study indicates that use of propofol during general anesthesia tend
to increase the percentages of peripheral CD3+ and CD4+ cells, while sevoflurane in-
crease the peripheral NK cells.
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T
he effects of anesthetics on im-
mune function have been a major
concern for anesthesiologists in

the last decade. The published studies
indicate that the anesthetics could di-
rectly inhibit immune function of pa-
tients, which is closely related with tu-
mor recurrence (1). Aside from the inhi-
bition of anesthetics on lymphocytes,
some reports also suggested that anes-
thetics had a capability to inhibit
growth of tumor cells (2-4).

In the anti-tumor process, the cell im-
munity induced by T- lymphocytes plays
a very important role. The cytotoxic T

cells (CTL), is identified as the major ef-
fect or cell in the immune response
against liver cancer. And CD4 + Th cells
enhance anti- tumor CTL responses by
enhancing clonal expansion at the tu-
mor site, preventing activation- induced
cell death and functioning as antigen-
presenting cells for CTL. NK cells have
the ability to kill circulating tumor cells
of almost any origin, and the presence
of NK cells in tumor environment is as-
sociated with patients' outcome. Since
increasing number of studies has been
conducted to determine the role of anes-
thetics in the regulation of circulating
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lymphocytes, evidence is rather limited with re-
spect to the difference between intravenous anes-
thetics and volatile anesthetics. It was noteworthy
that the inhibition of inhalation anesthetics on im-
mune function seemed to be greater than that of
intravenous anesthetics (5), as evidenced by de-
creased numbers of peripheral T cells in patients
receiving inhalation anesthesia compared to
those patients exposed to intravenous anesthesia.

The previously published studies focused
mainly on the impacts of anesthesia on patients
undergoing the excision of breast cancer or pros-
tate cancer (1, 6, 7), a cohort had a relatively
high 5-year survival rate. To date, it remains un-
known whether inhalation anesthetics or intrave-
nous anesthetics have the similar effects on the
immune function in liver cancer patients under-
going hepatectomy. In the present study, the ef-
fects of propofol or sevoflurane on percentage
change of peripheral immune cells in patients
undergoing liver resection were investigated dur-
ing anesthesia and after surgery. We hypothesize
propofol may have more favorable effects on
the immune function than sevoflurane.

METHODS

The study was approved by the institutional re-
search ethics committee of Eastern Hepatobili-
ary Surgery Hospital in Shanghai, China (EHBH-
KY- 2015- 01- 009). The registration number of

randomized clinical trials is ChiCTR- IPR-
15006841. After obtaining written, informed
consent, Seventy- two patients undergoing hepa-
tectomy for liver cancer were randomized into
sevoflurane group or propofol group. All pa-
tients were ASA physical status I to III. Exclu-
sion criteria included known or suspected cardi-
ac, pulmonary disease, weight beyond 20% of
ideal, age older than 70 years or younger than
18 years, a recent history (<2 weeks) of blood
transfusion, immunosuppressive drug therapy,
ascites, renal insufficiency (creatinine concentra-
tion >1.5 mg/dl) and a recent history (<1
month) of infection and fever.

All patients received intramuscular injection of at-
ropine (0.5 mg) and oral midazolam (5.0 mg) before
surgery. An arterial catheter was placed for measure-
ment of arterial blood pressure. A central venous
catheter was inserted into an internal jugular vein
for infusion of drug or fluids and CVP monitoring.
BIS (BIS™ XP sensor), heart rate (HR), invasive arte-
rial blood pressure, electrocardiogram, end-tidal car-
bon dioxide, and oxyhemoglobin saturation were
monitored continuously throughout the study (Phil-
ips HP Viridia 24/26M1205A). The room tempera-
ture was controlled at 23℃ , and a heating blanket
was maintained at 37.8℃ during the procedure.

The patients was induced with by sufentanil (0.4
μg/kg), and target- controlled infusion of propofol
(4.0 μg/ml) in the propofol group, or sevoflurane
(8% ) in the sevoflurane group. The patients re-
ceived 0.2 mg/kg cisatracurium after BIS value
reach 60, and 3 minutes later tracheal intubation
was performed. After intubation, anesthesia was
maintained with propofol (TCI, 2-4 μg/ml) or sevo-
flurane (1.5-2.5% ) respectively. Sufentanil (0.2-0.4
μg/kg) and cisatracurium (5-10 mg) were adminis-
tered intermittently depending on surgery de-
mands. BIS value was adjusted to about 40.

Ringers lactate solution and hydroxyethyl
starch 6% (130/0.4) were used to maintain CVP
between 5 to 12 cm H2O. Blood products (fresh
frozen plasma and packed red blood cells) were
transfused when necessary to maintain a haemo-
globin value >7.0 mg/dl. An appropriate dose
of metaraminol was given once the mean arteri-
al pressure (MAP) was below 60 mm Hg.

Blood samples were taken at the designated time
points: T0=baseline values, before induction of an-
esthesia; T1=2 hours after anesthesia，or at the time
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Figure 1. Flow Diagram.
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when anesthesia was stopped if the operation time
was less than 2 hours; T2=2 hours after surgery.
The level of CD3 + T cells, CD4 + T cells, CD8 + T
cells and NK cells were determined by flow cytome-
try. Fluorescently- labeled antibodies were all pur-
chased from BD MultitestTM IMK. Percentage
change 2 hours after anesthesia = (level of immune
cells at T1- level of immune cells at T0)/level of im-
mune cells at T0*100%. Percentage change 2 hours
after surgery = (level number of immune cells at
T2 - level of immune cells at T0)/level of immune
cells at T0*100% . The effects of propofol or sevo-
flurane on liver and kidney function defined by
peak alanine aminotransferase (ALT), aspartate ami-
notransferase (AST), creatinine (Cr) and blood urea
nitrogen (BUN) over 6 days post-operation. All out-
come variables of liver and kidney function were
measured before and 1, 3, and 6 days after surgery.
Additional indexs were peak values of white blood
cells (WBC), bilirubin, length of hospital stay and
perioperative complications.

The estimation of sample size is based on our
pre- test. The average percentage change of the
number of CD3+ cells at 2 hours after anesthesia
to baseline were presented as 9.3% (15.1%) (n =
11) and - 1.7% (15.1% ) (n=11) in the propofol
group and the sevoflurane group, respectively.
According to the formula (n=15.7/ES2 + 1), sam-
ple size was calculated (8). The minimum of 31
of patients in each group is sufficient for testing
(α=0.05, and power=0.8).

All data in the text and tables are expressed
as mean±SD, number (n) or percentage. Contin-
uous outcomes with normal distribution were
analyzed with independent 2- sample t- test. The
frequency data were compared using the χ2 test
or Fisher's exact testor Continuity correction as
appropriate. Reported P value was 2-sided, with
P<0.05 considered statistically significant. All
analyses were conducted using SPSS 17.0 (SPSS
Inc., Chicago, IL).

RESULTS

The study was completed without any significant
clinical complication. A total of 8 patients were
excluded from study due to blood transfusion.
The remaining 64 patients were included in final
data analysis, including 32 patients in sevoflu-
rane group, and 32 patients in propofol group

(Figure 1). There was no significant difference in
patients' characteristics, preoperative laboratory
values, intraoperative data and length of hospital
stay between two groups (Table 1 and 2).

As shown in table 3, percentage change 2
hours after anesthesia in CD3 + , CD4 + T and
CD8+ T cells to baseline was 10.2%, 20.2% and
1.5% in propofol group， - 0.7% , 3.8% and -

Table 1. Patient Characteristics and Preoperative Laboratory Values

Age (yrs)

Body height (cm)

Weight (kg)

Gender (male/female)

Baseline Cr (μmol/l)

Baseline BUN (mmol/l)

Baseline bilirubin (μmol/l)

Baseline ALT (U/l)

Baseline AST (U/l)

Baseline Albumin (g/L)

Baseline WBC count (*103/mL)

Sevoflurane group

(n=32)

52.5 (10.6)

167.3 (6.7)

64.1 (8.2)

24/6

64.0 (15.1)

4.9 (1.3)

16.2 (7.2)

41.2 (33.7)

38.9 (23.4)

42.1 (4.2)

5.0 (1.6)

Data are expressed as mean (standard deviation). ALT=alanine aminotrans-
ferase; AST=aspartate aminotransferase; BUN=blood urea nitrogen; Cr=
creatinine.

Propofol group

(n=32)

56.3 (11.9)

167.6 (6.5)

66.2 (9.2)

24/6

70.3 (9.8)

5.4 (1.1)

14.6 (6.2)

33.3 (24.6)

34.6 (19.7)

43.2 (4.5)

5.5 (2.0)

Table 2. Intraoperative Data and Length of Hospital Stay.

Operation time (min)

Pringle time (min)

Blood loss (ml)

Hospital stay (days)

Sevoflurane group

(n=32)

151.0 (55.1)

9.1 (9.3)

258.7 (232.8)

16.1 (8.6)

Data are expressed as mean (standard deviation).

Propofol group

(n=32)

146.9 (40.8)

11.4 (8.7)

201.4 (147.8)

14.9 (8.5)

P

0.749

0.368

0.291

0.578

Table 3. The Average Percent Change of the Number of Immune
Cells to Baseline.

Percentage change 2

hours after anesthesia (%)

CD3+

CD4+

CD8+

NK+

Percentage change 2

hours after surgery (%)

CD3+

CD4+

CD8+

NK+

Sevoflurane group

(n=32)

-0.7 (11.9)

3.8 (21.5)

-1.2 (12.0)

17.6 (67.4)

-8.7 (10.2)

-8.1 (38.4)

-1.0 (24.7)

51.3 (44.0)

Data are expressed as mean (standard deviation). P<0.05 indicates statisti-
cally significant difference between two groups.

Propofol group

(n=32)

10.2 (14.6)

20.2 (35.3)

1.5 (13.0)

-12.2 (42.2)

-4.7 (12.7)

-11.5 (20.1)

-1.9 (16.7)

39.5 (42.8)

P

0.002

0.029

0.399

0.030

0.166

0.638

0.862

0.270
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1.2% in sevoflurane group， respectively (P=
0.002 for CD3 + T cells; P=0.029 for CD4 + T
cells ; P=0.399 for CD8 + T cells). Percentage
change 2 hours after anesthesia in NK cells was

17.6% in sevoflurane compared to - 12.2% in
propofol group (P=0.03), suggesting that the
number of circulating NK cells tended to be de-
creased in propofol anesthesia, while it was in-

Original Article

Figure 2. Flow Cytometry Scatter Plot of T Lymphocyte (CD3+, CD4+, CD8+) and NK Cells in Sevoflurane Group (Sev Group)
or Propofol group (Pro Group) at Three Time Points (T0, T1 and T3).
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Table 4. Postoperative Laboratory Data.

Peak Cr (μmol/l)

Peak BUN (mmol/l)

Peak bilirubin (μmol/l)

Peak ALT (U/l)

Peak AST (U/l)

Nadir albumin (g/l)

Peak WBC count (*103/ml)

Data are expressed as mean (standard deviation). ALT=alanine amino-
transferase; AST=aspartate aminotransferase; BUN=blood urea nitrogen;
Cr=creatinine.

Sevoflurane group

(n=32)

65.8 (12.9)

7.5 (1.5)

33.9 (18.5)

322.8 (303.2)

346.2 (333.7)

33.9 (3.2)

14.7 (4.7)

Propofol group

(n=32)

71.1 (10.4)

6.8 (1.5)

31.1 (16.3)

377.4 (330.7)

480.7 (405.3)

34.2 (3.1)

21.6 (27.8)

P

0.091

0.100

0.550

0.525

0.185

0.773

0.218

creased in sevoflurane anesthesia.
There was no significant difference in percent-

age change 2 hours after surgery of T cells and
NK cells to baseline between sevoflurane group
and propofol group (Figure 2). Compared with -
8.7% , - 8.1% , - 1.0% and 53.1% in sevoflurane
group，percentage change 2 hours after surgery
of CD3 + , CD4 + , CD8 + T cells and NK cells to
baseline was - 4.7% , - 11.5% , - 1.9% and 39.5%
in propofol group.

The Cr, BUN, bilirubin, ALT, AST, WBC and
nadir albumin over 6 postoperative days were
showed in table 4. There was no significant dif-
ference between the two groups. There were no
deaths and hepatic failure during our study.

DISCUSSION

In the present study, the effects of sevoflurane and
propofol on immune function were investigated
in patients undergoing liver resection during and
after anesthesia. Our results showed that percent-
age change in CD3+ and CD4+ T cells 2 hour after
anesthesia was significantly increased in propofol
group compared with sevoflurane group, while
the NK cells were significantly reduced. There was
no significant difference in percentage change of
immune cells 2 hour after surgery between the
groups. These data implied that propofol signifi-
cant increase peripheral blood CD3 + and CD4 + T
cells and sevoflurane significant increase peripher-
al blood NK cells during anesthesia.

In this study, patients' characteristics, preoper-
ative laboratory values, intraoperative data and
length of hospital stay between two groups were
comparable between the two groups. It is be-
lieved that opioids may change patients' immune
function during the peri-operative period (9). In
present study, the consumption of opioids in
two groups were similar, therefore, the effect of
opioids on immune function should be compara-
ble. Considering that peri-operative blood trans-
fusion could also change immune function in
cancer patients to some extent (10, 11), we ex-
cluded the eight patients receiving perioperative
blood transfusion in surgery.

The effects of propofol on immune function
have been investigated in recent years. Mammoto
et al. showed that clinically relevant concentra-
tions of propofol (1-5 μg/ml) decreased the inva-

sion ability of human cancer cells (HeLa,
HT1080, HOS and RPMI-7951) in vitro, and fur-
thermore, propofol induced lung metastasis of tu-
mor cells in a mouse model of osteosarcoma (12).
Siddiqui RA et al. showed that the propofol-DHA
or propofol- EPA conjugates significantly inhibit
adhesion, migration and induced apoptosis of
breast cancer cells, implying that these conjugates
may be useful for the treatment of breast cancer
(6). However, there are some different results,
demonstrating that propofol could enhance the
migration of human breast cancer cell lines (13).

Activation of a substantial number of T lym-
phocytes is an important step in anti- infective
and anti- tumor perioperative immune response.
In Schneemilch's study, CD3 + and CD4 + cells in-
creased 2 hour after propofol anesthesia but de-
creased on the 3 day post- operation. However,
the absolute number of T lymphocytes (CD3 + ,
CD4 + , CD8 + ) decreased 2 hours after sevoflu-
rane anesthesia and until the third postoperative
days (5). Besides these, the results from Ren et al.
study showed that propofol promoted activation
and differentiation of peripheral T- helper cells.
The percentage of CD4(+ )CD28(+ ) and the ra-
tio of INF- γ:IL- 4 increase with propofol but
showed no change with isoflurane in patients un-
dergoing pulmonary lobectomy for non- small-
cell lung cancer (14) . Inada et al. found in pa-
tients undergoing craniotomy that propofol may
be better than isoflurane in attenuating the surgi-
cal stress-induced adverse immune response (15).
In this study, we reported that propofol anesthe-
sia but not sevoflurane anesthesia could increase
peripheral CD3 + and CD4 + cells in patients un-
dergoing liver resection. We suppose that the in-
creased circulating T lymphocytes may be helpful

Effects of Sevoflurane or Propofol on Immune FunctionHao Gao et al.
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in inhibition of tumor spread. Our study was con-
sistent with previous research, but further studies
are needed to explain its mechanisms.

Volatile anesthetic was believed to have an ad-
verse effect on human immune response in several
studies. In Brand's study, there was a significant de-
crease of circulating NK cells during general anesthe-
sia with isoflurane, thiopental and fentanyl (16).
Moreover, inhaled anesthetics had a negative effect
on cytotoxicity of natural killer cells and NK- like
cells, indicated by altered cytokine release (17). Be-
sides these, sevoflurane was shown to suppress anti-
tumor immunity through inhibiting the release of cy-
tokine such as IL- 1B\TNF-α from NK cells in vitro
(18, 19). On the contrary，the effects of propofol on
NK cell immune function was different from volatile
anesthetic. Serum from women undergoing breast
cancer surgery with propofol-paravertebral block an-
esthetic led to greater human donor NK cells cyto-
toxicity in vitro compared with serum from women
who received sevoflurane- opioid anesthetic (20). In
Melamed's study, although propofol caused a signifi-
cant decrease in the number of NK cells compared
with the control group, propofol did not significant-
ly suppressed NK activity (21). In our research, we al-
so found that propofol could decrease peripheral
NK cells 2 hour after anesthesia but increased on the
2 hour post- operation in patients undergoing liver
resection. Peripheral NK cells continue to increase at
least 2 hour post-operation with sevoflurane anesthe-

sia. This finding is inconsistent with a forementioned
research, where in NK cells were decreased during
volatile anesthesia. The differences in patients' clini-
copathologic characteristics across studies may ac-
count for the observed variation.

This study has some limitations. First, this
study only compared the effects of propofol and
sevoflurane on T lymphocytes and NK cells in
peripheral blood, their functional status of these
target immune cell subsets was not investigated.
Second, the CD4 + cell subtypes were not as-
sessed in the present study. Third, The effect of
propofol and sevoflurane on long-term outcome
of patients undergoing liver resection needs to
be further investigated in future study. Hence,
further studies are still required to confirm
whether different anesthetics will influence im-
mune function of patients.

In conclusion, our study indicates that propo-
fol anesthesia tend to increase the peripheral
CD3+ and CD4+ cells, while sevoflurane has the
ability to increase the peripheral NK cells. Since
the effects of anesthetics on the long term out-
comes are out of scope in this study, it remains
unknown whether propofol or sevoflurane anes-
thesia is better in patients with liver cancer.
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