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Abstract: Objective: To investigate application effects of autologous blood transfusion and allogeneic blood transfu-
sion in surgically treated patients receiving spine surgery, abdomen surgery and ectopic pregnancy surgery. Meth-
ods: 130 patients who would undergo selective operations were divided into autologous transfusion group and 
allogeneic transfusion group. Both groups received the same anesthesia, and there was no significant difference 
in transfusion volume or fluid infusion volume. Results: The serum TNF-α level in autologous transfusion group 
after operation showed a clear upward trend and had significant difference compared with that before operation 
(P < 0.05). Meanwhile, after operation, the serum TNF-α level in autologous transfusion group was all significantly 
higher than that allogeneic transfusion group and the comparative difference was statistically significant (P < 0.05). 
IgG level in treatment group did not significantly fluctuate during perioperative period, but IgG level in allogeneic 
transfusion group after operation was all significantly lower than that before operation, and there was statistically 
significant difference between both groups (P < 0.05). At the same time, complement C3 level in treatment group 
after operation was significantly higher than that before operation (P < 0.05), but complement C3 level in allogeneic 
transfusion group did not significantly change. After operation, there was statistically significant difference in com-
plement C3 level between both groups (P < 0.05). Conclusion: Autologous transfusion is already a widely accepted 
transfusion method at present, and it can increase TNF-α and complement C3 levels in the body of surgically treated 
patients to strengthen immune ability against infection.
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Introduction 

During surgical operation, a lot of patients need 
blood transfusion (transfusion is called for 
short) for protecting safety of operation. 
Meanwhile, transfusion is a commonly used 
treatment measure during perioperative peri-
od, but transfusion can cause a variety of 
adverse reactions, therefore, at present the 
issue about how to perform transfusion causes 
widespread concern [1, 2]. In traditional appli-
cation, the used method is mainly emergency 
allogeneic transfusion, however, allogeneic 
transfusion can suppress immune function of 
tumor patients, causes relatively high postop-
erative infection rate, also prolongs hospital 
stay of patients, and can lead to death of 
patients under severe situation [3, 4]; mean-

while, allogeneic transfusion may spread hepa-
titis viruses, human immunodeficiency virus, 
and also may cause immune transfusion reac-
tion. Autologous transfusion refers to collection 
or recycling of the patient’s own blood for re-
transfusion during operation or after major 
blood loss; it can save 40%-50% of the blood 
resource and is clinically safe and reliable [5, 
6]. At the same time, for some surgical patients 
complicated by internal medical disease, autol-
ogous transfusion can dilute blood to decrease 
viscosity so that body function was improved. 
Moreover, autologous transfusion is all re-
transfusion in short term so that the blood is 
fresh, loss of the blood active ingredients is 
less, and the cells have good viability and strong 
action [7]. At present, studies have confirmed 
that IgG, TNF-α, complement and other relevant 
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Table 1. Comparison of basic data between both groups

Group Cases (n) Gender 
(male/female) Age (years old) BMI (kg/m2) Spine operation/abdominal 

trauma/ectopic pregnancy
ASA grading 

(I/II)
Autologous transfusion 65 35/30 50.16 ± 2.14 23.24 ± 2.89 10/40/15 35/30
Allogeneic transfusion 65 34/31 50.36 ± 2.48 23.18 ± 3.00 12/38/15 36/29
t 0.098 0.385 0.154 0.085 0.109
P > 0.05 > 0.05 > 0.05 > 0.05 > 0.05

inflammatory cytokines are anti-infection-relat-
ed secretary immune effect molecules with 
immunity-enhancing action in the body, can 
exert anti-infection action by a variety of ways, 
are key cytokines starting anti-bacterial inflam-
matory responses and activate inflammatory 
cells thereby can facilitate the recovery of the 
patient who can obtain improved prognosis [8, 
9]. Therefore, this paper has specially com-
pared application effects of allogeneic transfu-
sion and autologous transfusion in surgically 
treated patients and is reported as follows.

Materials and methods

Study subjects

From September 2011 to December 2013, 
130 patients who would undergo selected 
operation in our hospital were selected and the 
inclusion criteria were: ASA grade I-II, spinal 
operation, thoracic and abdominal trauma, 
ectopic pregnancy patients; hemoglobin > 
109/L; during operation, excessive bleeding 
(bleeding ≥ 2200 ml) needed transfusion; 
patients were informed and they agreed to 
coordinate. The exclusion criteria were: neo-
plastic diseases, acute and chronic infectious 
diseases, autoimmune diseases, metabolic 
diseases, respiratory diseases, liver and kidney 
diseases and serious cardiovascular and cere-
brovascular diseases; viral or bacterial infec-
tions, fever, use of perioperative corticoste-
roids and other drugs affecting immune 
function. According to the principle of randomly 
drawing lots, patients were divided into autolo-
gous transfusion group and allogeneic transfu-
sion group, including 65 patients each group, 
and there was no statistically significant differ-
ence in gender, age, body mass index (BMI), 
operation type and ASA grading between both 
groups (P > 0.05). See Table 1.

Transfusion methods

All patients received combined anesthesia, 
received the same induction way and drugs, 

and received basically the same type and total 
amount of drugs and fluid. After a patient was 
sent into the operating room, the patient was 
connected to a multi-parameter vital-sign moni-
tor for monitoring vital signs, and the patient’s 
blood sample was collected. Intraoperative 
fluid volume and infusion rate were strictly con-
trolled so as to strive to be consistent and to 
maintain stable circulatory dynamics. 

Autologous transfusion group: Since the inci-
sion began, an autologous blood recycling 
instrument, Haemonetics was used for recy-
cling blood which had lost in the operating field, 
and the specific parameters were: speed of 
revolution was maintained at 5650 rev/min, 
the amount of saline for washing was 1000 ml, 
physiological saline containing heparin (12500 
U/500 ml) was added at rate of 60 drops/min 
for anticoagulation, number of pumps of the 
roller was set at 300 ml/min, washing speed 
was 300 ml/min, and negative pressure for 
suction was 150 mmHg. Throughout the trans-
fusion, the same blood recycling instrument 
was used. Then, through washing and centrifu-
gation, all of the obtained concentrated red 
blood cells were all immediately re-transfused.

Allogeneic transfusion group: Banked blood 
samples were reasonably selected and blood in 
the operating field was not recycled. Suspended 
red blood cells were used for supplement 
according to 1/3 of the amount of bleeding.

During transfusion process, it should be 
ensured that under condition of the same blood 
loss volume in both groups, the amount of the 
transfused red blood cells had no difference.

Indicators

Intraoperative indicators: Operative time, intra-
operative transfusion volume, fluid infusion vol-
ume, postoperative analgesic use, etc. in both 
groups were observed.

Determination of inflammatory cytokines: 
Before operation, on day 1 and on day 7 after 
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Table 2. Comparison of transfusion conditions between both groups (
_
x  ± s)

Group Cases (n) Operative 
time (h)

Intraoperative trans-
fusion volume (ml)

Fluid infusion 
volume (ml)

Postoperative an-
algesia (ng/ml)

Autologous transfusion 65 3.56 ± 0.41 1250.9 ± 210.9 2000.6 ± 500.4 846.9 ± 6.5
Allogeneic transfusion 65 3.58 ± 0.48 1258.6 ± 248.0 2009.4 ± 410.8 850.6 ± 4.1
t 0.085 0.045 0.069 0.047
P > 0.05 > 0.05 > 0.05 > 0.05

Table 3. Comparison of change of inflammatory cytokines between both groups at different time 
points (ng/ml, 

_
x  ± s)

Group Cases (n) Before operation Day 1 Postop. Day 7 Postop.
Autologous transfusion 65 1.18 ± 0.24 1.32 ± 0.18* 1.51 ± 0.20*
Allogeneic transfusion 65 1.18 ± 0.21 1.20 ± 0.18 1.19 ± 0.17
t 0.098 3.683 16.257
P > 0.05 < 0.05 < 0.05
Footnote: Postop: post operation; *: compared with before operation, t = 5.128, 18.963, P < 0.05.

operations, all patients’ blood samples were 
collected for determining inflammatory cyto-
kine TNF-α with radioimmunoassay. During 
sample collection, tubes with function of pro-
moting coagulation were used to draw 10ml 
fasting venous blood; within 24 h after collec-
tion, the blood samples were centrifuged; after 
centrifugation at 3500 min at 10°C, the upper 
serum 2-3 ml was taken and was placed into a 
refrigerator at below -20°C for freezing so that 
these samples could be tested later.

Determination of immune indicators: Blood 
samples were collected with the same method 
at the same time; serum IgG level of the sam-
ples to be tested was determined with immune 
turbidimetric method and complement C3 level 
was determined with radioimmunoassay.

Statistical analysis

SPSS13.0 statistical software was used for 
analysis, and measurement data of all results 
in the paper were expressed as mean ± stan-
dard deviation (

_
x  ± s). Comparison was per-

formed by intergroup t test and intragroup 
paired t test, and P < 0.05 was considered sta-
tistically significant.

Results

Comparison of transfusion conditions

All patients safely completed transfusion and 
there was no statistically significant difference 

in operative time, intraoperative transfusion 
volume, fluid infusion volume, postoperative 
analgesic dose between both groups (P > 0.05). 
See Table 2.

Comparison of change of inflammatory cyto-
kines

Results found that serum TNF-α level in autolo-
gous transfusion group after operation showed 
a clearly upward trend and had significant dif-
ference compared with before operation (P < 
0.05). Meanwhile, after operation, serum TNF-α 
level in autologous transfusion group was all 
significantly higher than allogeneic transfusion 
group and the comparison had statistically sig-
nificant difference (P < 0.05). See Table 3.

Comparison of change of immune factors

Results found that IgG level in autologous 
transfusion group did not significantly fluctuate 
during perioperative period and IgG level in allo-
geneic transfusion group after operation was 
all significantly lower than before operation; 
intergroup comparison had statistically signifi-
cant difference (P < 0.05). See Table 4. At the 
same time, complement C3 level in autologous 
transfusion group after operation was signifi-
cantly higher than before operation (P < 0.05), 
but that in allogeneic transfusion group did not 
significantly change; after operation, there was 
statistically significant difference in comple-
ment C3 level between both groups (P < 0.05). 
Also see Table 4.
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Discussion

Operation often leads to acute blood loss, 
therefore, in order to correct the various 
adverse effects caused by bleeding, transfu-
sion is often needed. Although skilled surgical 
technique can be used to shorten operative 
time and reduce intraoperative blood loss vol-
ume, the situation for needing transfusion is 
still relatively common and the demand for 
blood further increases [10]. However, with dis-
covery of various types of hepatitis and HIV and 
other blood-borne diseases and concern for 
immune stress response, safety of allogeneic 
transfusion has been widely questioned. 
Although with advance in medical technology 
the safety of allogeneic transfusion has been 
very greatly improved compared with before, 
however, there have been still relatively many 
reports about adverse reactions, which are 
caused by transfusion of a lot of allogeneic 
blood, and infectious diseases appearing after 
transfusion [11, 12].

Application of autologous transfusion has over 
a century of history. It was initially applied for 
saving blood resource, and more importantly, it 
can reduce the unnecessary transfusion reac-
tions and reduce spread of diseases caused by 
the banked blood. Moreover, it can effectively 
avoid errors and accidents of allogeneic trans-
fusion, and also can avoid some of other 
adverse transfusion reactions, such as hemo-
lytic reaction, allergic reaction, micro-thrombo-
sis and toxic reaction [13, 14]. In this paper, all 
patients safely completed transfusion and 
there was no statistically significant difference 
in operative time, intraoperative transfusion 
volume, fluid infusion volume and postopera-
tive analgesic dose between both groups (P > 
0.05). Safety of autologous transfusion has 
also been further illustrated.

Inflammatory cytokines are important compo-
nents of the body’s immunity, and play an 

Table 4. Comparison of immune factors change between both groups at different time points (
_
x  ± s)

Group Cases 
(n)

IgG (g/L) C3 (ng/mL)
Before  

operation Day 1 Postop. Day 7 Postop. Before  
operation Day 1 Postop. Day 7 Postop.

Autologous transfusion 65 12.64 ± 1.36 12.56 ± 1.23 12.58 ± 1.85 115.23 ± 18.52 131.65 ± 14.88 175.25 ± 18.47

Allogeneic transfusion 65 12.64 ± 2.18 12.38 ± 1.89* 12.37 ± 1.84* 116.00 ± 21.89 119.63 ± 18.44* 119.36 ± 17.08*

t 0.085 4.632 5.008 0.185 7.415 19.851

P > 0.05 < 0.05 < 0.05 > 0.05 < 0.05 < 0.05
Footnotes: Postop.: post operation; *: Compared with before operation, t = 4.521, 5.105, 8.412, 20.552, P < 0.05.

important role in postoperative resistance 
against infection, wound healing, anti-tumor, 
etc. At present, post-transfusion infection is 
relatively common; in the past, postoperative 
infection caused by transfusion was generally 
considered to be due to a variety of factors, but 
now it is considered to be mainly related to 
immune regulation of the body [15, 16]. 
Transfusion of allogeneic blood can produce 
phagocytosis and chemotaxis effect, leading to 
suppressing the immune function of patients 
and changing the patients’ immune status so 
that the patients become susceptible to infec-
tion. Studies have shown that re-transfusion of 
autologous blood may exert inherent regulatory 
action on cellular immune function of the blood 
recipient. Under normal physiological condi-
tion, besides TNF-α exerts actions of immune 
enhancement and hematopoiesis promotion, it 
also can improve the body’s non-specific 
immune function when inflammation exists. In 
the paper, the serum TNF-α level in autologous 
transfusion group after operation showed a 
clear upward trend and had significant differ-
ence compared with before operation (P < 
0.05). Meanwhile, after operation, the serum 
TNF-α level in autologous transfusion group 
was all significantly higher than allogeneic 
transfusion group and the comparative differ-
ence was statistically significant (P < 0.05). 
Therefore, we hypothesized the reason was 
that the preparation needed for preservation of 
allogeneic red blood cells suppressed immunity 
and after long term storage of blood products, 
immunosuppressive factors would be generat-
ed. Autologous blood might contain small 
amount of inflammatory cytokines and autolo-
gous blood itself might have immune stimulat-
ing action, thus effect of alleviating immuno-
suppression or enhancing immune function 
was achieved.

Antibody and complement are also anti-infec-
tion-related secretory immune effect molecules 
with immune-enhancing action; among them, 
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IgG is main immunoglobulin which is generated 
during secondary immune response, and most 
anti-bacterial, anti-viral and anti-toxin antibod-
ies belong to IgG. Complement C3 is anaphyla-
toxin and chemotactic factor and participates 
in the inflammatory and allergic reactions [17, 
18]. In the paper, IgG level in autologous trans-
fusion group did not significantly fluctuate dur-
ing perioperative period, but IgG level in alloge-
neic transfusion group after operation was all 
significantly lower than before operation and 
there was statistically significant difference 
between both groups (P < 0.05). At the same 
time, complement C3 level in autologous trans-
fusion group after operation was significantly 
higher than before operation (P < 0.05), but 
complement C3 level in allogeneic transfusion 
group did not significantly change; after opera-
tion, there was statistically significant differ-
ence in complement C3 level between both 
groups (P < 0.05). The possible mechanism 
was that the autologous transfusion was 
accompanied with leukocyte apoptosis, and 
after the body received re-transfusion of autol-
ogous blood, it activated T0 cells to differenti-
ate into T1 cells, and T1 secreted large amount 
of TNF-α, which exerted positively regulatory 
effect on T1. At the same time, complement 
activation pathway was activated so that the 
complement C3 level increased, while the anti-
body changed slightly.

In conclusion, autologous transfusion is already 
a widely accepted transfusion method at pres-
ent, and its application in surgically treated 
patients can increase TNF-α and complement 
C3 levels in the body thus the body’s immune 
ability against infection is strengthened.

Acknowledgements

We appreciate greatly for the help from Key 
Laboratory of malignant tumor gene regulation 
and target therapy of Guangdong Higher 
Education Institutes, Sun Yat-Sen University.

Disclosure of conflict of interest

None.

Address correspondence to: Jianguang Zhu, Depart- 
ment of Spine Surgery, East Hospital, Tongji 
University School of Medicine, No. 150 Jimo Road, 
Shanghai 200120, China. E-mail: doczhu1962@163.
com

References

[1]	 Munoz M, Gomez-Ramirez S, Martin-Montanez 
E, Pavia J, Cuenca J and Garcia-Erce JA. Periop-
erative intravenous iron: an upfront therapy for 
treating anaemia and reducing transfusion re-
quirements. Nutr Hosp 2012; 27: 1817-1836.

[2]	 Sugai Y, Sugai K and Fuse A. Current status of 
bacterial contamination of autologous blood 
for transfusion. Transfus Apher Sci 2001; 24: 
255-259.

[3]	 Lavaju P, Sharma M, Sharma A and Chettri S. 
Use of amniotic membrane and autologous se-
rum eye drops in Mooren’s ulcer. Nepal J Oph-
thalmol 2013; 5: 120-123.

[4]	 Shahshahani HJ, Vahidfar MR and Khodaie SA. 
Transfusion reaction in a case with the rare 
Bombay blood group. Asian J Transfus Sci 
2013; 7: 86-87.

[5]	 Ragupathy V, Devadas K, Tang S, Wood O, Lee 
S, Dastyer A, Wang X, Dayton A and Hewlett I. 
Effect of sex steroid hormones on replication 
and transmission of major HIV subtypes. J Ste-
roid Biochem Mol Biol 2013; 138: 63-71.

[6]	 Randelli F, Banci L, Ragone V, Pavesi M and 
Randelli G. Effectiveness of fibrin sealant after 
cementless total hip replacement: a double-
blind randomized controlled trial. Int J Immu-
nopathol Pharmacol 2013; 26: 189-197.

[7]	 Aubert J, Delalande JP and Skowronski P. [An-
eurysm of abdominal aorta rupture in a patient 
on dabigatran treatment]. Ann Fr Anesth Re-
anim 2013; 32: 271-272.

[8]	 Froehner M, Novotny V, Koch R, Leike S, Twelk-
er L and Wirth MP. Perioperative complications 
after radical prostatectomy: open versus robot-
assisted laparoscopic approach. Urol Int 2013; 
90: 312-315.

[9]	 Al-Nawakil C, Quarre MC, Heshmati F, Deau B, 
Park S, Dreyfus F, Bouscary D and Tamburini J. 
Autologous stem cell transplantation in pa-
tients who object to a blood transfusion: contri-
bution of new pharmacological haematopoie-
sis support. Br J Haematol 2013; 161: 
738-740.

[10]	 Smith WZ, Harrison HB, Salhanick MA, Higgins 
RA, Ortiz A, Olson JD, Schwacha MG, Harrison 
CR, Aydelotte JD, Stewart RM and Dent DL. A 
small amount can make a difference: a pro-
spective human study of the paradoxical co-
agulation characteristics of hemothorax. Am J 
Surg 2013; 206: 904-909; discussion 909-
910.

[11]	 Maurer AM and Gezer A. Promoting Effects of 
Heparin on ex vivo Expansion of Megakaryocy-
topoiesis from Human Cord Blood CD34+ 
Cells. Transfus Med Hemother 2013; 40: 344-
350.

[12]	 Yoo JY, Mak GK and Goldowitz D. The effect of 
hemorrhage on the development of the post-

mailto:doczhu1962@163.com
mailto:doczhu1962@163.com


Autologous and allogeneic blood transfusion in surgical patients

2894	 Int J Clin Exp Med 2014;7(9):2889-2894

natal mouse cerebellum. Exp Neurol 2014; 
252: 85-94.

[13]	 Menon VG, Puri VC, Annamalai AA, Tuli R and 
Nissen NN. Outcomes of vascular resection in 
pancreaticoduodenectomy: single-surgeon ex-
perience. Am Surg 2013; 79: 1064-1067.

[14]	 van Houwelingen MJ, Merkus D, Hofland J, 
Bakker J, Tenbrinck R, Te Lintel Hekkert M, van 
Dijk G, Hoeks AP and Duncker DJ. A novel ap-
proach to assess hemorrhagic shock severity 
using the arterially determined left ventricular 
isovolumic contraction period. Am J Physiol 
Heart Circ Physiol 2013; 305: H1790-1797.

[15]	 Kapadia BH, Banerjee S, Issa K, McElroy MJ, 
Harwin SF and Mont MA. Preoperative blood 
management strategies for total knee arthro-
plasty. J Knee Surg 2013; 26: 373-377.

[16]	 Horstmann W, Kuipers B, Ohanis D, Slappen-
del R, Kollen B and Verheyen C. Autologous re-
transfusion drain compared with no drain in 
total knee arthroplasty: a randomised con-
trolled trial. Blood Transfus 2014; 12 Suppl 1: 
s176-181.

[17]	 Mokrushin AA and Pavlinova LI. Effects of the 
blood components on the AMPA and NMDA 
synaptic responses in brain slices in the onset 
of hemorrhagic stroke. Gen Physiol Biophys 
2013; 32: 489-504.

[18]	 Moon JH, Kim MJ, Song SY, Lee YJ, Choi YY, 
Kim SH and Lee YH. Safety and efficacy of G-
CSF mobilization and collection of autologous 
peripheral blood stem cells in children with ce-
rebral palsy. Transfus Apher Sci 2013; 49: 
516-521.


