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Abstract: Objective: To analyze the effects of two different anesthesia methods, total intravenous anesthesia (IVA) 
and combined general-epidural anesthesia (EIVA), on erythrocyte immunity in patients undergoing laparoscopic 
resection of ovarian tumor. Methods: A total of 100 patients who were prepared for the laparoscopic resection of 
ovarian tumor in our hospital were recruited as subjects. The patients either received IVA or EIVE for the surgery 
in a random way. Samples of venous blood were collected across different time points which were before (T1) and 
30 min after (T2) anesthesia, 1 h intra-operation (T3), 24 h (T4), 48 h (T5) and 72 h (T6) after operation, and the 
changes of erythrocyte immune functions were measured, including the rate of red blood cell C3b receptor rosette 
(RRCR), rate of red blood cell immune complex rosette (RRICR), rate of red blood cell circulating immune complex 
rosette (RRCICR), and rate of tumor red blood cell rosette (RTRR). Results: Similar variation patterns were observed 
in both groups regarding the values of RRCR, RRICR, RRCICR and RTRR before and after anesthesia; however, from 
T2 to T5, the levels of these indices in IVA group decreased more than those in EIVA group (P<0.05). Conclusion: 
Anesthesia could cause harm to the erythrocyte immunity in patients, however, compared with IVA, the damage by 
EIVA appeared to less.

Keywords: Laparoscopic resection of ovarian tumor, anesthesia, erythrocyte immunity

Introduction

Anesthesia methods including general anes-
thesia, combined general-epidural anesthesia 
can all be applied in the gynecologic laparo-
scopic surgery clinically. In recent years, the 
effects of different kinds of anesthesia on the 
immune system have been gaining attention. 
For example, it was reported that anesthesia 
could induce the stress response during peri-
operative period and suppress the cell-mediat-
ed immunity [1]. Different types of anesthesia 
could make different levels of impacts on the 
functions of immunoglobulin G, complement 
C3, C4, and affect the release of cytokines, 
such as interleukin-4 [2]. The idea of erythro-
cyte immunity was first proposed by Siegel in 
1981, and in those studies, the impacts of vari-
ous diseases and trauma on the erythrocyte 
immunity were investigated. However, there we- 
re only few animal studies regarding the effects 

of anesthesia on the immune function of red 
blood cell (RBC) [3].

RBC has many components that are related to 
the immunity, such as CR1, CR3, CD58, CD59, 
IL-8R, DAF, SOD, creating a system of its own. 
The erythrocyte immunity is mainly based on 
CR1, and can be impaired if the number of CR1 
decreases or if there is a structural change. 
Both congenital factors and acquired factors 
(such as surgery, trauma, infection, anemia, 
oxygen free radicals, and erythrocyte senes-
cence) can bring about functional defect of CR1 
in RBC. Currently, there are three major indices 
that can reflect RBC CR1 adhesion activity, 
which are rate of RBC C3b receptor rosette 
(RRCR), rate of RBC immune complex rosette 
(RRICR), rate of RBC circulating immune com-
plex rosette (RRCICR), and rate of tumor RBC 
rosette (RTRR).
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Some scholars found that both general and 
local anesthesia could weaken the erythrocyte 
immune functions in tumor-bearing rats, while 
the level of damage caused by the former one 
was greater [4]. Therefore, this study aimed to 
explore the effects of these two types of anes-
thesia on the erythrocyte immunity clinically, 
using patients who received laparoscopic 
resection of ovarian tumor in our hospital as 
subjects.

Materials and methods

General information

The study was approved by the Ethics Commi- 
ttee in the hospital and informed consents 
were obtained by the participants. One hun-
dred patients who received laparoscopic resec-
tion of ovarian tumor in our hospital from June 
2015 to January 2017 were selected as sub- 
jects.

Inclusive criteria: Adult female who suffered 
from malignant ovarian tumor without distant 
metastasis and voluntarily participated in our 
study; laparoscopic surgery was conducted for 
treatment.

Exclusion criteria: Patients who couldn’t under-
go surgery or receive anesthesia; patients had 
endocrine dysfunction; patients had systemic 
infection; patients had circulatory disease; 
patients had contraindication for anesthesia; 
patients who were not willing to participate in 
the study; patients who were receiving periop-
erative blood transfusion. According to the sor-
tition randomization method, subjects were 
divided into two groups, total intravenous anes-
thesia (IVA) group and combined general-epi-
dural anesthesia (EIVA) group, with 50 cases in 
each group.

ss was established and sodium lactate Ringer’s 
solution was transfused.

Patients in IVA group received intravenous  
infusion of 1.5 mg/kg propofol (Nhwa Pharma 
Corporation), 5 μg/kg fentanyl, 0.5 mg/kg Mi- 
dazolam (Nhwa Pharma Corporation) and 0.8 
mg/kg Atracurium. Following induction of anes-
thesia, the endotracheal intubation was per-
formed while anesthesia was maintained by 
pump infusion of Propofol at a dose of 6-10 
mg/(kg*h) and intravenous injection of Atra- 
curium and fentanyl.

Patients in EIVA group received epidural injec-
tion of 3 ml (10 g) lidocaine at T12-L1 (Fujian 
Jinshan biological pharmaceutical Co., Ltd., 
each gram contains 25 mg prilocaine and 25 
mg lidocaine). The induction of anesthesia was 
the same as the one in IVA group, followed by 
the endotracheal intubation. Prior to the opera-
tion, a continuous infusion of 3-6 mg/(kg*h) 
Propofol was conducted and 6-8 ml/h ropiva-
caine (Hebei Yipin Pharmaceutical Co., Ltd.) 
was injected into the epidural space of the 
patient.

Patients in both groups were connected to the 
depth-of-anesthesia monitor and the values of 
Bispectral index were maintained at 40-60.

Outcome measures

In order to measure the changes of erythrocyte 
immune functions, the venous blood samples 
were collected at six time points, which were 
before (T1) and 30 min after (T2) anesthesia, 1 
h intra-operation (T3), 24 h (T4), 48 h (T5) and 
72 h (T6) after operation. The rosette tests 
were performed to assess the erythrocyte 
immunity (test items include RRCR, RRICR, 
RRCICR, and RTRR).

Table 1. Comparison of patients’ general information
Data IVA EIVA χ2/t P
Age (year) 28.6±6.3 31.5±7.2 1.3061 0.3531
Tumor type
    Teratoma of ovary (count) 26 27 0.0401 0.8412
    Ovarian serous cystadenoma (count) 10 10 0 1
    Simple ovarian cyst (count) 9 10 0.0650 0.7988
    Mucinous cystadenoma (count) 5 3 0.5435 0.4610
Anesthesia time (min) 42.6±10.2 43.8±11.6 0.5216 0.4632
Preoperative ASA rating I-II I-II 0.6321 0.1254
Depth of anesthesia 69.2 58.1 0.3261 0.8541

Methods

Before entering the op- 
eration room, patients 
in both groups were in- 
tramuscularly injected 
with 0.5 mg atropine 
(Jiaozuo Furuitang Ph- 
armaceutical Co., Ltd.) 
and 0.1 g phenobarbi-
tal sodium (Tianjin Ph- 
armaceutical Group Xi- 
nzheng Co., Ltd.). After 
that, the venous acce- 
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Method for determining the erythrocyte immu-
nity [5] was as follows: 10 ml venous blood was 
collected at each time point and stored in test 
tube containing nutritive medium. RBCs were 
diluted to a suspension of 1.2*107/ml and 
saved for later use. The C3b sensitized freeze-
dried yeast was dissolved in 1 ml normal saline. 
Meanwhile, the normal saline only was added 
into each tube (0.05 ml) and frozen for reserve. 
After that, the prepared C3b receptor sensi-
tized freeze-dried yeast suspension (0.05 ml) 
was added, followed by mixing, smearing, incu-
bating and dyeing. Two hundred RBCs were 
counted under oil immersion lens. The result 
was positive if more than two yeasts were com-
bined. Then, the value of RRCR was calculated. 
Methods for testing other indices were the 
same as the method for RRCR. All the reagents 
(complement sensitized yeast assay kits and 
complement insensitive yeast assay kits) and 
test services were provided by Beijing LaBEST 
Biotechnology Co., Ltd.

Statistical analysis

The database was created by Microsoft Excel, 
and SPSS 19.0 statistical software was used 
for data analysis. The measurement data was 
expressed as the mean ± standard deviation; 
comparisons between groups were conducted 

by t test. The count data was expressed as per-
centage and the difference between groups 
was compared by chi-square test. A value of 
P<0.05 was considered as statistically signifi- 
cant.

Results

General information

There was no intergroup difference in the gen-
eral information (P>0.05, Table 1).

General physiological indices

There was no significant difference in the gen-
eral physiological indices including mean arte-
rial pressure (MAP), heart rate (HR) and respira-
tory rate (RR) between two groups as was 
shown in Table 2.

Changes of erythrocyte immune function be-
fore and after anesthesia

Before anesthesia, there was no significant  
difference in indices including RRCR, RRICR, 
RRCICR and RTRR between two groups. How- 
ever, after anesthesia, all of the four indices 
showed the same pattern of change, i.e. de- 
clined first and recovered later. Differences in 

Table 2. General physiological indices
Indicator Group T1 T2 T3 T4 T5 T6
MAP (mmHg) EIVA 85.3±11.2 82.5±9.6 87.5±9.6 85.6±10.5 87.2±5.6 86.9±6.2

IVA 85.2±11.6 84.2±10.7 86.3±11.0 85.1±11.5 86.5±9.7 87.1±5.9
HR (times/min) EIVA 84.6±14.8 77.5±12.6 81.5±12.6 84.2±12.6 84.8±10.2 84.6±12.7

IVA 85.1±12.6 70.8±11.6 82.8±15.6 84.7±10.5 85.1±12.6 84.1±11.7
RR (times/min) EIVA 16.8±4.1 16.1±4.2 16.2±3.6 15.8±4.5 16.7±4.2 16.8±3.9

IVA 16.5±3.9 16.4±4.2 16.2±3.7 15.9±4.8 16.7±3.8 16.5±4.2

Table 3. Changes of erythrocyte immune function before and after anesthesia
Index Group T1 T2 T3 T4 T5 T6
RRCR EIVA 18.5±6.5 15.6±4.2*,# 14.4±4.1*,# 13.2±3.5*,# 12.3±3.2*,# 17.4±3.9

IVA 18.8±7.5 16.3±4.3* 11.3±3.7* 10.4±4.2* 9.4±4.3* 17.3±3.9
RRICR EIVA 11.4±5.1 9.8±3.2*,# 9.2±2.5*,# 6.9±1.3*,# 8.4±1.3*,# 10.8±2.8

IVA 12.0±5.2 8.3±2.6* 7.6±2.2* 5.7±1.4* 7.1±1.3* 10.2±2.4
RRCICR EIVA 8.9±1.4 6.3±1.5* 6.0±1.0* 6.3±1.9*,# 6.5±1.5*,# 7.0±1.2

IVA 9.2±1.5 7.5±1.6*,# 6.8±1.1*,# 7.2±1.4* 7.5±1.6* 7.9±1.1
RTRR EIVA 42.6±11.3 39.2±9.7*,# 37.8±8.2*,# 35.7±9.8*,# 37.0±7.2*,# 41.7±10.6

IVA 43.2±12.5 34.8±8.6* 33.2±9.2* 30.3±8.5 33.7±8.9* 40.8±10.4
Notes: Compared with T1, *P<0.05; compared with IVA group, #P<0.05.
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these values between T2 and T1 were statisti-
cally significant (P<0.05). Moreover, values of 
RRCR reduced to the lowest level at T5 and 
returned to normal at T6. The lowest values of 
RRICR, RTRR were at T4, while the lowest val-
ues of RRCICR were at T3, followed by a gradual 
recovery to normal. From T2 to T5, intergroup 
differences in the values of RRCR, RRICR 
RRCICR and RTRR were significant (P<0.05), 
with a more significant reduction occurred in 
IVA group. See Table 3 and Figure 1.

Discussion

Previous studies have found that RBC plays an 
important role in body’s immune system, as it 
can recognize and remove circulating immune 
complexes, as well as contributes to the anti-
tumor and anti-infection immunity [6]. The 
erythrocyte immune system is not only involved 
in the auto-regulation function, but is also re- 
gulated by the neuroendocrine system [7]. 
Trauma and anesthesia would affect the eryth-
rocyte immunity, just like they would harm the 
leukocyte immune system, and many people 
believed that anesthesia could inhibit the 
immune function [8]. However, there were few 
studies regarding the effects of different anes-
thesia methods on the erythrocyte immunity.

In this study, patients undergoing laparoscopic 
resection of ovarian tumor were chosen as sub-
jects. Factors that may affect the outcome, 
such as surgical trauma, age, infection, erythro-
cyte senescence were excluded. We found that 
there was no significant difference in the level 

level at T5 and returned to normal at T6, while 
values of RRICR and RTRR decreased to the 
lowest level at T4, and RRCICR decreased to 
the lowest level at T3, followed by a gradual 
recovery. In addition, the reduction of these 
indices in IVA group was greater than those in 
EIVA group. All of these findings suggested that 
both anesthesia methods could cause the pri-
mary erythrocyte immunity decrease. However, 
compared with IVA, the impact made by EIVA 
was less severe [10]. Our results are consistent 
with the findings in the previous reports that 
EIVA can have the advantages of both general 
anesthesia and epidural anesthesia [11], and 
cause less suppression of patients’ immune 
functions, especially cellular immunity [12].

This study showed that the erythrocyte immu-
nity in patients gradually returned to normal 72 
h after operation, which indicated that the 
immune function of RBC can be reversible. This 
finding suggested the necessity to enhance the 
anti-infection treatment for patients with malig-
nant tumor, and to improve their immune func-
tions. Compared to IVA, EIVA appeared to have 
less effect on erythrocyte immunity. The RBC 
immune system is not just self-regulated, but is 
also regulated by neuroendocrine system [13]. 
Like anesthesia and surgical trauma would 
cause harm to the white blood cell immune sys-
tem [14, 15], they would also interfere with the 
erythrocyte immunity to some extent by affect-
ing the internal environment and neuro-system 
[16].

Figure 1. RRCR, RRICR, RRCICR, RTRR before and after anesthesia.

of RRCR, RRICR, RRCICR and 
RTRR between two groups pr- 
ior to the operation. After an- 
esthesia, these indicators pre-
sented similar trends of varia-
tion, i.e., declined first and re- 
covered afterwards. Moreover, 
the values of these indicators 
in both groups decreased sig-
nificantly at T2 as compared 
to T1. This might be due to the 
fact that the regulating func-
tion of RBC became disorder-
ed after anesthesia, and the 
effects of inhibitory factors 
were enhanced, which weak-
ened the immune adherence 
function [9]. The RRCR value 
was reduced to the lowest 
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Previous studies have revealed that the activity 
of C3b receptor on erythrocyte membrane sur-
face and the immune complex rosette (ICR) 
which indicates the ability to bind immune  
complexes are both important indices for ery- 
throcyte immunity [17]. If these two values 
decrease, it means there is primary erythro-
cyte immunity decrease [18]. However, if the 
activity of C3b receptors on erythrocyte mem-
brane surface increases while the level of ICR 
decreases, it means that RBCs are adhering 
with too many immune complexes, and there is 
secondary erythrocyte immunity decrease [19]. 
In this study, since the level of ICR and the 
activity of C3b receptors both declined, it was 
suggested that IVA could lead to the primary 
erythrocyte immunity decrease.

There were still some limitations in the study. 
First, the surgical stress stimulation could aff- 
ect the erythrocyte immunity, but the individual 
differences in this area were not excluded from 
the study [20]. Second, there hadn’t been many 
studies on the erythrocyte immune system, 
and the mechanism of how anesthesia affects 
immune function of RBC remained to be fur-
ther investigated.

In conclusion, anesthesia could cause harm to 
erythrocyte immunity, but the damage by EIVA 
appeared to be less as compared to that by 
IVA.

Disclosure of conflict of interest 

None.

Address correspondence to: Haiyan Gao, Depart- 
ment of Anesthesiology, Cangzhou Central Hospital, 
No.201 Xinhua Middle Road, Cangzhou 061000, 
Hebei Province, China. Tel: +86-0317-2075627; 
Fax: +86-0317-2075627; E-mail: gaosmail7659@ 
163.com

References

[1]	 Hsu ES. A review of granisetron, 5-hydroxytryp-
tamine3 receptor antagonists, and other anti-
emetics. Am J Ther 2010; 17: 476-486.

[2]	 Petz L, Fudenberg HH and Fink D. Immune ad-
herence reactions of human erythrocytes sen-
sitized with complement in vitro and in vivo. J 
Immunol 1971; 107: 1714-1722.

[3]	 Yerer MB, Aydogan S and Comu FM. Gender-
related alerations in erythrocyte mechanical 
activities under desflurane or sevoflurane an-
esthesia. Clin Hemorheol Microcirc 2008; 39: 
423-427.

[4]	 Blevins S, Siegel PB, Blodgett DJ, Ehrich M and 
Lewis RM. Liver enzymes in white leghorns se-
lected for the sheep red blood cell immune re-
sponse. Poult Sci 2012; 91: 322-326.

[5]	 Guzzetta NA. Benefits and risks of red blood 
cell transfusion in pediatric patients undergo-
ing cardiac surgery. Pediatr Anaesth 2010; 21: 
504-511.

[6]	 Qixia HE and Yan LU. Effects of different post-
operative analgesia methods on erythrocyte 
immunity in the elderly. China Modern Medi- 
cine 2011.

[7]	 Guo JR, Xu F, Jin XJ, Shen HC, Liu Y, Zhang YW 
and Shao Y. Impact of allogenic and autolo-
gous transfusion on immune function in pa-
tients with tumors. Asian Pac J of Cancer Prev 
2014; 15: 467-474.

[8]	 Nichols TC, Fischer T and Read MS. Aldehyde-
fixed platelets with internalized paramagnetic 
or magnetic nanoparticles: US, US 7901674 
B2. United States Patent Office 2011.

[9]	 Liu ZG. Different anesthesia methods on the 
influence of the immune response in patients 
with colorectal cancer radical stress. Medical 
Innovation of China 2014.

[10]	 Archer TL. Jehovah’s witness with placenta 
previa and increta for cesarean hysterectomy. 
New York: Springer; 2014.

[11]	 Miyaike J, Iwasaki Y, Takahashi A, Shimomura 
H, Taniguchi H, Koide N, Matsuura K, Ogura T, 
Tobe K and Tsuji T. Regulation of circulating im-
mune complexes by complement receptor type 
1 on erythrocytes in chronic viral liver diseas-
es. Gut 2002; 51: 591-596.

[12]	 Stricker PA and Fiadjoe JE. Anesthesia for cra-
niofacial surgery in infancy. Anesthesiol Clin 
2014; 32: 215-235.

[13]	 Tsukada H, Sunkara R, Chi DD, Keogh D and 
Gaissert H. Intravenous immunoglobulin-in-
duced hemolytic anemia after thoracoscopic 
thymectomy for myasthenia gravis. Ann Thorac 
Surg 2014; 97: 2175-2177.

[14]	 Saha D, Martuza RL and Rabkin SD. Macro- 
phage polarization contributes to glioblastoma 
eradication by combination immunovirothera-
py and Immune checkpoint blockade. Cancer 
Cell 2017; 32: 253-267, e5.

[15]	 Gerner MY, Casey KA, Kastenmuller W and 
Germain RN. Dendritic cell and antigen disper-
sal landscapes regulate T cell immunity. J Exp 
Med 2017; 214: 3105-3122.

[16]	 Lizcano A, Secundino I, Dohrmann S, Corriden 
R, Rohena C, Diaz S, Ghosh P, Deng L, Nizet V 
and Varki A. Erythrocyte sialoglycoproteins en-
gage Siglec-9 on neutrophils to suppress acti-
vation. Blood 2017; 129: 3100-3110.

[17]	 Hassan BAR, Yusoff ZBM, and Othman SB. A 
close look at neutropenia among cancer pa-
tients-risk factor and management. InTech- 
Open 2015.

mailto:gaosmail7659@163.com
mailto:gaosmail7659@163.com


Effects of IVA and EIVA on erythrocyte immunity

15657	 Int J Clin Exp Med 2017;10(11):15652-15657

[18]	 Eldin MS, Mahmoud F, Hassan RE, Raouf MA, 
Afifi MH, Yassen K and Morad W. Intravenous 
patient-controlled fentanyl with and without 
transversus abdominis plane block in cirrhotic 
patients post liver resection. Local Reg Anesth 
2013; 2014: 27-37.

[19]	 Kim KW, Lee HJ, Ahn BJ. Composition compris-
ing expression or activity inhibitors of ninjurin1 
for the prevention and treatment of infla- 
mmatory disease: US, US8618072. European 
Patent Office 2013.

[20]	 Park EY, Kim YS, Lim KJ, Lee HK, Lee SK, Choi 
H and Kang MH. Severe neurologic manifesta-
tions in acute intermittent porphyria developed 
after spine surgery under general anesthesia: 
a case report. Korean J Anesthesiol 2014; 67: 
217-220.


