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Abstract: Objectives: This study aimed to investigate influences of acute normovolemic hemodilution (ANH) com-
bined with controlled hypotension (CH) on hemodynamics, inflammatory factors, cerebral oxygen metabolism, 
MMSE score in elderly spinal surgery patients. Meanwhile the incidence of postoperative cognitive dysfunction 
(POCD) was assessed. Methods: Eighty elderly patients undergoing spinal surgery were randomly divided into four 
groups (n = 20): Control group, ANH group, CH group and ANH + CH group (AC group). Hemodynamics was monitored 
at four time points, including after induction of anesthesia, immediately after ANH, 30 min after reaching target 
blood pressure by CH and after completion of surgery. Radial arterial and jugular bulb blood were collected for 
blood gas analysis and cerebral oxygenation calculations. One day preoperatively, after surgery completion, one day 
postoperatively and seven days postoperatively, serum levels of inflammatory factors, S-100β protein and NSE were 
detected. Meanwhile, MMSE was performed and incidence of POCD was calculated. Results: ANH combined with 
CH could markedly reduce blood loss and save blood, which did not interfere with changes in hemodynamics, levels 
of inflammatory factors, S-100β protein or NSE. ANH combined with CH had no significant effect on cerebral oxygen 
metabolism, and did not interfere with postoperative MMSE score or POCD incidence, which showed significant dif-
ferences compared with alone using (P<0.05). Conclusion: ANH combined with CH does not increase the incidence 
of POCD, well maintains hemodynamic stability, and reduces intraoperative blood loss and allogeneic blood transfu-
sion while having no significant effect on inflammatory cytokines or cerebral oxygen metabolism.

Keywords: Acute normovolemic hemodilution, controlled hypotension, blood protection, postoperative cognitive 
dysfunction, oxygen metabolism

Introduction

For patients with acute bleeding or coexist- 
ing anemia, surgery-induced massive bleeding 
may lead to increased complications and mor-
tality [1-3]. Blood transfusion is a common 
treatment for acute bleeding. However, transfu-
sion of various blood products not only increas-
es costs, but more importantly, also has poten-
tial risks, such as hemolysis, infections, aller- 
gies, fever, renal injury and transfusion-related 
lung injury [1, 4, 5]. There is substantial evi-
dence that transfusion of blood components is 
associated with increased complications and 
morbidity, and reduced survival [6, 7]. There- 
fore, it is highly necessary to reduce tissue 
blood loss by improving surgical techniques, or 

reduce allogeneic blood transfusion by various 
measures [8, 9].

Postoperative cognitive dysfunction (POCD) 
refers to postoperative changes in neurological 
function experienced by patients due to a  
variety of reasons, which is manifested in the 
sense of direction, memory, thinking, attention, 
observation and other central nervous system 
functions [10]. One-week postoperative inci-
dence of POCD is about 25%, while 3-month 
postoperative incidence is around 10%. PO- 
CD mainly occurs in the elderly patients (≥60 
years), which can lead to prolonged hospitaliza-
tion, reduced quality of life, and increased post-
operative complications and mortality [11, 12]. 
POCD was believed in the past to occur mainly 
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in patients underwent cardiovascular surgery, 
with a prevalence between 33-83%; besides, 
7-69% of the patients could not recover in three 
months postoperatively. Now it is believed that 
various surgeries are all likely to cause POCD 
[13, 14].

Principle of acute normovolemic hemodilution 
(ANH) is to reduce blood viscosity, optimize 
hemorrheology, improve microcirculatory perfu-
sion, and maintain stable circulation by remov-
ing blood and replacing it with an equal amount 
of fluid, thereby reducing the demand for allo- 
geneic blood transfusion [15, 16]. Controlled 
hypotension (CH) refers to the lowering and 
maintenance of mean arterial pressure (MAP) 
at a certain level with antihypertensives or 
(and) by anesthesia and other techniques while 
ensuring perfusion of vital organs, in order to 
create appropriate conditions for surgical pro-
cedures. Moreover, after termination of CH, 
blood pressure can return to be normal. These 
measures have been clinically proven, but there 
are still reports indicating that CH can be com-
plicated with cerebral ischemia and increase 
the risk of POCD in elderly patients [17]. ANH/
CH can significantly reduce intraoperative 
blood loss and allogeneic blood transfusion, 
which is a relatively safe blood conservation 
measure [18, 19]. Specific association am- 
ong ANH/CH, cerebral oxygen metabolism and 
POCD in elderly postoperative patients is still 
worthy of further exploration [20]. This study 
discussed the influences of ANH/CH on elderly 
patients underwent spinal surgery from the 
perspective of cerebral oxygen metabolism.

Methods

Patients

Eighty patients who scheduled for spinal sur-
gery at our hospital from September 2013 to 
September 2014 were included. General infor-
mation: age 65-75 years; weight 55-70 kg; ASA 
grade I-II; operative time >2 h; estimated intra-
operative blood loss >600 mL; preoperative 
hemoglobin (Hb) ≥110 g/L; hematocrit (Hct) 
≥35%; platelet (Plt) count ≥100 × 109/L.

Exclusion criteria: Patients with central nervous 
system diseases, cancer, preoperative coagu-
lation abnormalities, severe hypotension, men-
tal diseases, cerebrovascular diseases, preop-
erative presence of lower extremity venous 

thrombosis, or dysfunction of heart, liver, kid-
ney, lungs or other vital organs; or patients with 
a MMSE score ≤25. This research was ap- 
proved by the Ethics Committee of our hospital. 
All patients agreed and signed the informed 
consent.

Eighty patients were randomly divided into four 
groups (n = 20). (1) Control group (Con group): 
Routine anesthesia and surgery without using 
blood conservation measures. (2) ANH group: 
After smooth induction of general anesthesia, 
autologous blood (400-800 mL) was collected 
via radial artery, which was transfused back 
before completion of surgery. Volume of col-
lected blood was calculated according to for-
mula. Where EBV was the estimated internal 
blood volume, which was body weight × 70 ml 
for men, and body weight × 60 mL·kg-1 for wo- 
men. Hctactual denoted hematocrit before dilu-
tion, while Hcttarget represented the target he- 
matocrit after dilution. In this research, target 
Hct was set as 30%, and volume of blood col-
lected was calculated at a 1.06 g·ml-1 density 
after weighing. (3) CH group: After surgical bone 
procedure began, sodium nitroprusside ((0.5-
6.0) μg·kg-1·min-1) was infused to maintain MAP 
not less than 55 mmHg. Meanwhile, pump 
speed was adjusted according to the hemody-
namic monitoring. After completion of major 
steps, sodium nitroprusside was discontinued 
to allow MAP to return to the level before CH; 
time ≤90 min. (4) ANH + CH group (AC group): 
After smooth induction of general anesthesia, 
ANH was performed by removing blood via radi-
al artery. After surgical bone procedure began, 
CH was performed by continuously infusing 
sodium nitroprusside with micro-pump.

Methods

All patients were fasted for solids and liquids 
preoperatively, and received no premedication. 
After entering the operating room, patients 
received non-invasive ECG and blood pressure 
monitoring. After smooth induction of general 
anesthesia, left radial artery catheterization 
was performed, as well as simultaneous inva-
sive arterial pressure waveform monitoring 
(FloTrac). Right internal jugular vein was retro-
gradely punctured, and catheterized (12-14 
cm) towards the cephalic end, so that the cath-
eter tip reached the level of internal jugular 
bulb for monitoring cerebral oxygen metabo-
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lism. At the same time, right subclavian vein 
was punctured for central venous pressure 
(CVP) monitoring. Anesthesia was maintained 
by combined intravenous and inhalation. In- 
traoperative BIS fluctuated from 40 to 60. 
Blood transfusion and fluid infusion were per-
formed according to hemodynamic changes. 
Radial arterial and jugular bulb blood were col-
lected at four time points, including after induc-

tion of anesthesia (T1), immediately after ANH 
(T2), 30 min after reaching target blood pres-
sure by CH (T3) and after completion of surgery 
(T4), respectively, for blood gas analysis. Radial 
arterial blood oxygen content and blood oxy- 
gen content in jugular bulb were given by CaO2 
and CjvO2 respectively: CaO2 = (Hb × 1.34 × 
SaO2) + (PaO2 × 0.003); CjvO2 = (Hb × 1.34 × 
SjvO2) + (PjvO2 × 0.003).

Table 1. The hemodynamic parameters, Hb, HCT, ACT at the T2, T3, T1, T4 time point in four groups
Group (n = 20) T1 T2 T3 T4

MAP (mmHg) CON 87.9 ± 10.2 86.8 ± 8.9
ANH 87.9 ± 10.4 81.0 ± 10.2* 87.2 ± 10.0
CH 87.2 ± 14.3 61.4 ± 4.1*,Δ 86.9 ± 14.3
AC 87.9 ± 13.1 81.4 ± 14.5* 61.0 ± 4.6*,Δ 87.3 ± 13.5

HR (min-1) CON 66.2 ± 7.7 66.8 ± 7.3
ANH 65.3 ± 8.3 76.9 ± 7.9* 63.0 ± 9.3
CH 65.4 ± 9.0 81.9 ± 7.3*,Δ 68.1 ± 10.4
AC 65.6 ± 9.3 78.0 ± 8.7* 78.1 ± 11.0*,Δ 64.1 ± 9.1

CVP (cmH2O) CON 7.0 ± 1.4 7.3 ± 1.5
ANH 7.0 ± 1.5 7.7 ± 1.1* 7.3 ± 2.2
CH 6.9 ± 1.6 5.4 ± 1.2*,Δ 7.2 ± 1.7
AC 7.0 ± 1.8 7.6 ± 1.9* 6.7 ± 1.9Δ 7.3 ± 1.8

CO (L/min) CON 5.8 ± 1.4 5.7 ± 1.2
ANH 5.5 ± 1.2 6.7 ± 0.9* 5.6 ± 1.1
CH 5.5 ± 1.2 5.7 ± 0.9Δ 5.6 ± 1.1
AC 5.6 ± 1.2 6.7 ± 1.2* 6.4 ± 1.1*,Δ 5.6 ± 1.1

SVV (%) CON 9.8 ± 2.2 9.9 ± 1.9
ANH 9.5 ± 2.9 8.5 ± 3.1* 9.3 ± 3.0
CH 9.8 ± 2.5 13.9 ± 2.9*,Δ 9.7 ± 2.4
AC 9.6 ± 3.5 8.3 ± 2.9* 9.6 ± 2.8 9.8 ± 2.2

SVR (Dyn/s.cm2) CON 1094.9 ± 137.2 1091.7 ± 134.3
ANH 1087.8 ± 168.7 837.9 ± 91.8* 1072.3 ± 149.9
CH 1067.9 ± 183.4 788.3 ± 205.1*,Δ 1073.9 ± 165.9
AC 1067.8 ± 163.2 879.2 ± 89.5* 646.4 ± 112.0*,Δ 1058.7 ± 160.9

HB (g/mL) CON 123.2 ± 11.0 96.4 ± 7.1*,Δ,#

ANH 121.7 ± 8.4 97.2 ± 6.0* 103.2 ± 7.2*,Δ,#

CH 122.3 ± 8.8 109.3 ± 8.1*,Δ 101.0 ± 8.1*,Δ,#

AC 122.7 ± 8.1 98.2 ± 5.7* 97.8 ± 5.7*,Δ 111.7 ± 3.6*,Δ,#,$

HCT (%) CON 37.6 ± 2.9 28.5 ± 2.0*

ANH 37.3 ± 2.6 29.8 ± 1.8* 31.5 ± 2.1*,Δ

CH 37.2 ± 2.8 36.5 ± 2.9Δ 30.8 ± 2.4*,Δ,#

AC 37.5 ± 2.4 30.1 ± 1.7* 30.0 ± 1.7* 34.0 ± 1.2*,Δ,#,$

PLT (× 109/L) CON 195.6 ± 45.2 144.0 ± 39.2*

ANH 194.9 ± 40.3 155.1 ± 40.0* 180.3 ± 38.9*,Δ

CH 197.5 ± 43.0 189.4 ± 44.7* 177.2 ± 42.1*,Δ

AC 196.1 ± 55.9 156.7 ± 41.3* 151.7 ± 39.5* 175.7 ± 50.5*,Δ

Notes: *represent P<0.05 compared with T1; 
Δrepresent P<0.05 compared with T2; 

#represent P<0.05 compared with T3; 
$rep-

resent P<0.05 compared with T4.
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According to Fick’s equation, radial arterial-jug-
ular bulb venous blood oxygen content differ-
ence (Da-jvO2), cerebral metabolic rate of oxy- 
gen (CERO2) and jugular bulb venous-radial 
arterial difference of lactate (VADL) were calcu-
lated. Da-jvO2 = CaO2-CjvO2; CERO2 = Da-jvO2/CaO2 
× 100%.

Radial arterial-jugular bulb venous difference of 
lactate content (Da-jvL) = DaL-DjvL. After surgery, 
pain was managed with intravenous patient-
controlled pump using the same analgesics in 
the same way in all patients. Cognitive function 
test was performed by the same mental health-
trained anesthesiologist. One-day preopera-
tively, 1 d postoperatively and 7 d postopera-
tively, MMSE test were performed, which com- 
prised the following categories: (a) orientation 
test, (b) memorization test, (c) attention and 
calculation, (d) delay memory, (e) language test, 
and (f) visuospatial test. The entire test was a 
30-point questionnaire consisting of 30 ques-
tions, where 1 point was scored for each cor-
rect answer and 0 point for wrong answer. A 
patient was considered to have POCD if his/her 
postoperative score was 2 points lower than 
the preoperative one. One day preoperatively, 
at completion of surgery, 1 d postoperatively 
and 7 d postoperatively, respectively, 2 ml of 
venous blood was collected and coagulated 
naturally for 30 min, which was then centri-
fuged to collect serum and stored in a -80°C 
refrigerator. Serum levels of TNF-α, IL-1β, IL-6, 
IL-8, S-100β protein and NSE were determined 
by ELISA. Intraoperative allogeneic transfusion 
volume, blood loss, urine volume and operative 
time were calculated.

Statistical analysis

Data were analyzed using SPSS 19.0 software. 
Measurement data were expressed as 

_
x  ± s 

weight, height, MMSE score or operative time 
among patients in the four groups.

Compared with T1, MAP, SVR and SVV markedly 
decreased while HR, CVP and CO elevated 
markedly at T2 in the ANH and AC groups. At T3, 
CVP and CO markedly elevated while SVV and 
SVR decreased markedly in the ANH group. In 
the CH and AC groups, markedly decreased 
MAP, SVR and markedly increased HR were 
noted at T3; meanwhile, CVP and CO markedly 
decreased in the CH group and CO markedly 
elevated in the AC group. HB, HCT and PLT 
markedly decreased at T2, T3 and T4 compared 
with at T1 in the ANH and AC groups. For CH 
group, HB, HCT and PLT decreased markedly at 
T3 and T4. Compared with the Con group, HB, 
HCT and PLT elevated markedly at T4 in the 
ANH, CH and AC groups. Compared with the 
ANH and CH groups at T4, HB and HCT were  
significantly higher in the AC group (P<0.05) 
(Table 1).

No significant difference was found in intraop-
erative urine volume among the four groups of 
patients. Compared with the CON group, intra-
operative blood loss was significantly reduced 
in the CH and AC groups. Significantly reduced 
intraoperative transfusion volume was noted in 
the ANH, CH and AC groups. Compared with the 
ANH and CH groups, transfusion volume was 
significantly reduced for the AC group (P<0.05) 
(Table 2).

Serum levels of IL-1β, IL-6, IL-8, TNF-α, S-100β 
protein and NSE elevated significantly in all four 
groups at completion of surgery and 1 d after 
surgery as compared with 1 d before surgery. 1 
d postoperative S-100β protein, NSE and TNF-α 
levels were significantly lower than those at 
completion of surgery (P<0.05). Compared with 
1 d before surgery, the 7 d postoperative IL-1β, 
IL-6, IL-8, TNF-α, S-100β and NSE returned to 
the preoperative levels (Table 3).

Table 2. Urine volume, blood loss and blood transfusion volume dur-
ing operation in four groups (

_
x  ± s, n = 20)

Group 
(n = 20) Blood loss (mL)

Allogeneic blood 
transfusion 
volume (mL)

Urine (mL)
Allogeneic blood 

transfusion
N (%)

CON 1174.7 ± 400.0 413.3 ± 324.8 629.5 ± 163.4 16 80
ANH 1022.9 ± 341.9 200.0 ± 320.7* 630.4 ± 135.7 8* 40*

CH 794.0 ± 224.3* 207.1 ± 292.1* 620.9 ± 161.6 9* 45*

AC 736.9 ± 174.2* 20 ± 20*,Δ 623.3 ± 137.1 2*,Δ 10*,Δ

Notes: *represent P<0.05 compared with group CON; Δrepresent P<0.05 compared 
with group ANH or CH.

and compared by t test or 
one-way ANOVA. Enumer- 
ation data were compared 
by chi-square test or Fish- 
er’s exact test. Comparison 
of non-normal data was 
done by rank sum test. P< 
0.05 was considered sta-
tistically significant.

Results

No significant difference 
was found in sex ratio, age, 
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Compared with the 1 d preoperative MMSE 
score, 1 d postoperative score was significantly 
lower (P<0.05), while 7 d postoperative score 
showed no statistical significance. There was 
no significant difference in the 1 d and 7 d 
postoperative incidences of POCD among the 
four groups of patients (Table 4).

Compared with CaO2 and CjvO2 at T1, all groups 
showed varying degrees of significant decrease 
at T2, T3 and T4. The values were markedly high-
er for the CH group at T3, and for the AC group 
at T4. Compared with SjvO2 at T1, AC group 

showed significant decrease at T3. Compared 
with Da-jvO2 at T1, CON, ANH and CH groups 
exhibited significant decrease at T4. Besides, 
the value was significantly higher (P<0.05) for 
the AC group at T4. No significant difference was 
found in PaO2, PjvO2, CERO2 or VADL among the 
four groups at any time point (Table 5).

Discussion

At present, safe, reliable, simple and rational 
blood conservation techniques are used as far 
as possible in the clinical settings to reduce 

Table 3. Change of serum inflammatory factors over time (
_
x  ± s, n = 20)

Group 1 d preoperative Completion of surgery 1 d postoperative 7 d postoperative
IL-1β (pg/mL) CON 11.32 ± 4.17 20.41 ± 6.19* 19.19 ± 3.73* 12.60 ± 4.75

ANH 11.56 ± 4.38 20.98 ± 4.61* 19.87 ± 3.12* 11.73 ± 3.89
CH 11.48 ± 4.42 22.04 ± 7.07* 20.77 ± 5.65* 11.77 ± 4.04
AC 11.75 ± 5.58 21.98 ± 4.33* 20.18 ± 4.15* 11.60 ± 4.51

IL-6 (pg/mL) CON 10.39 ± 4.22 18.00 ± 8.24* 18.70 ± 8.98* 12.19 ± 6.86
ANH 10.37 ± 4.19 18.74 ± 9.53* 19.35 ± 10.44* 12.14 ± 6.23
CH 10.45 ± 5.04 19.05 ± 9.40* 19.35 ± 10.19* 11.57 ± 5.40
AC 10.54 ± 4.97 19.70 ± 6.10* 20.88 ± 6.14* 12.00 ± 4.75

IL-8 (pg/mL) CON 31.57 ± 13.89 45.89 ± 19.81* 45.53 ± 19.08* 32.27 ± 13.66
ANH 32.15 ± 13.72 46.81 ± 18.88* 47.67 ± 19.89* 32.97 ± 13.04
CH 31.77 ± 12.95 47.64 ± 19.09* 47.83 ± 17.43* 31.94 ± 13.07
AC 31.62 ± 12.59 47.06 ± 18.02* 47.74 ± 17.31* 32.08 ± 12.99

TNF-α (pg/mL) CON 28.04 ± 4.64 37.58 ± 8.01* 31.53 ± 4.41*,Δ 29.04 ± 4.19
ANH 28.17 ± 5.32 38.19 ± 9.55* 31.87 ± 3.77*,Δ 29.20 ± 5.62
CH 28.13 ± 5.74 38.61 ± 9.30* 32.12 ± 3.47*,Δ 29.65 ± 5.45
AC 27.91 ± 5.12 38.45 ± 7.21* 32.56 ± 5.57*,Δ 28.49 ± 4.60

S-100β (μg/L) CON 0.21 ± 0.14 0.52 ± 0.26* 0.31 ± 0.18*,Δ 0.21 ± 0.16
ANH 0.19 ± 0.10 0.56 ± 0.21* 0.34 ± 0.18*,Δ 0.21 ± 0.10
CH 0.22 ± 0.12 0.55 ± 0.25* 0.35 ± 0.24*,Δ 0.22 ± 0.13
AC 0.21 ± 0.07 0.69 ± 0.20* 0.46 ± 0.29*,Δ 0.23 ± 0.07

NSE (μg/L) CON 9.48 ± 2.37 12.23 ± 2.51* 10.67 ± 2.58*,Δ 9.97 ± 2.16
ANH 8.86 ± 2.10 13.02 ± 4.30* 11.04 ± 3.21*,Δ 9.45 ± 1.99
CH 8.57 ± 2.27 13.33 ± 3.19* 10.48 ± 3.28*,Δ 8.75 ± 2.07
AC 8.57 ± 2.30 14.54 ± 2.75* 12.54 ± 3.56*,Δ 8.89 ± 2.71

Notes: *represent P<0.05 compared with 1 d preoperative; Δrepresent P<0.05 compared with completion of surgery.

Table 4. The comparison of MMSE score and POCD in each group after operation (
_
x  ± s, n = 20)

Group (n = 20)
MMSE score POCD (%)

1 d preoperative 1 d postoperative 7 d postoperative 1 d postoperative 7 d postoperative
CON 27.1 ± 1.2 26.4 ± 1.9* 26.9 ± 1.6 25 5*

ANH 27.3 ± 1.2 26.5 ± 1.9* 27.1 ± 1.2 20 5*

CH 27.2 ± 1.0 26.3 ± 2.0* 27.0 ± 1.3 20 0*

AC 27.1 ± 1.2 26.1 ± 2.2* 26.9 ± 1.5 25 5*

Notes: *represent P<0.05 compared with 1 d preoperative.
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unnecessary allogeneic transfusions and to 
avoid potential transfusion-related risk [21-23]. 
Elderly patients undergoing spinal surgery stud-
ied in this trial had large blood loss, so blood 
conservation was of great clinical significance. 
MMES is currently one of the most influential 
POCD screening tools, which is also the pre-
ferred method of screening for dementia [24, 
25]. In this trial, one day postoperative MMSE 
scores were all lower than 1 d preoperative 
scores. Seven days postoperatively, the MM- 
SE score basically returned to normal, without 

neuroinflammation, and reduce the incidence 
of cognitive impairment [30]. Therefore, some 
researchers consider TNF-α as an important 
inflammatory cytokine causing neurological dis-
orders and cognitive dysfunction. Some cogni-
tive disorders are treatable by blocking TNF-α 
synthesis [31]. As a glial marker protein and 
also a brain-specific protein, S-100β has a sig-
nificant role in promoting the occurrence of 
cognition, which is the best indicator of brain 
injury at present. Serum S-100β level can be 
used as an important indicator for assessing 

Table 5. Changes of cerebral oxygen metabolism during operation in each 
group (

_
x  ± s, n = 20)

Group T1 T2 T3 T4

PaO2 (mmHg) CON 417.8 ± 66.2 415.1 ± 61.8
ANH 389.4 ± 72.6 389.4 ± 72.6 392.3 ± 69.8
CH 384.8 ± 86.1 385.9 ± 82.5 385.9 ± 82.5
AC 411.8 ± 67.4 412.1 ± 67.4 416.0 ± 59.7 416.0 ± 59.7

CaO2 (ml/L) CON 163.6 ± 13.7 135.4 ± 10.0*

ANH 163.9 ± 11.8 131.5 ± 7.6* 138.9 ± 9.7*

CH 164.0 ± 11.2 150.6 ± 10.1* 136.4 ± 11.4*

AC 163.3 ± 10.4 132.6 ± 7.3* 131.9 ± 7.3*,Δ 151.5 ± 5.4*,#

PjvO2 (mmHg) CON 35.6 ± 7.1 38.0 ± 1.4
ANH 35.0 ± 6.7 32.9 ± 4.0 38.0 ± 1.8
CH 34.9 ± 7.0 34.2 ± 6.2 38.4 ± 1.5
AC 35.7 ± 8.2 32.7 ± 5.8 27.4 ± 5.0*,Δ 37.9 ± 1.1

SjvO2 (%) CON 67.7 ± 9.8 68.0 ± 3.3
ANH 67.6 ± 7.9 63.9 ± 6.1 68.0 ± 4.8
CH 67.6 ± 8.6 64.3 ± 8.4 68.1 ± 4.8
AC 67.6 ± 7.4 64.4 ± 6.5 58.6 ± 4.7*,Δ 67.4 ± 3.8

CjvO2 (ml/L) CON 109.8 ± 17.5 89.9 ± 9.6*

ANH 110.3 ± 14.3 83.3 ± 9.7* 92.7 ± 9.6*

CH 110.5 ± 17.4 102.5 ± 16.5* 91.8 ± 8.3*

AC 109.5 ± 14.0 84.6 ± 10.7* 76.7 ± 8.7*,Δ 101.1 ± 6.2*,Δ

Da-jvO2 (ml/L) CON 53.8 ± 17.4 42.5 ± 4.0*

ANH 53.6 ± 14.0 50.1 ± 8.5 45.2 ± 7.3*

CH 53.6 ± 13.3 54.9 ± 12.8 44.6 ± 8.2*

AC 53.7 ± 12.8 51.0 ± 8.1 55.3 ± 15.9 51.3 ± 6.2#

CERO2 (%) CON 32.8 ± 9.8 32.7 ± 3.2
ANH 32.7 ± 7.9 36.6 ± 6.1 32.5 ± 4.8
CH 32.8 ± 8.7 36.3 ± 8.3 32.6 ± 4.7
AC 32.9 ± 7.5 36.3 ± 6.4 42.0 ± 4.6*,Δ 33.2 ± 3.7

VADL (mmol/L) CON 0.17 ± 0.05 0.15 ± 0.05
ANH 0.15 ± 0.05 0.15 ± 0.05 0.16 ± 0.08
CH 0.15 ± 0.05 0.14 ± 0.05 0.15 ± 0.05
AC 0.17 ± 0.05 0.17 ± 0.06 0.16 ± 0.04 0.15 ± 0.05

Notes: *represent P<0.05 compared with T1; 
Δrepresent P<0.05 compared with T2; 

#represent 
P<0.05 compared with T3.

showing any statisti-
cal significance am- 
ong each group at 
any time point. This 
indicates that ANH 
and CH, whether us- 
ed alone or in combi-
nation, do not signifi-
cantly increase the 
incidence of POCD.

Several studies have 
confirmed that the 
perioperative altera-
tions of inflammatory 
cytokines caused by 
anesthesia and sur-
gical trauma, as well 
as postoperative sy- 
stemic inflammatory 
response are impor-
tant causes of POCD 
[26, 27]. IL-6 and S- 
100β are inflamma-
tory markers which 
correlated with PO- 
CD strongly, while IL- 
1 and TNF-α could 
weak such correlati- 
on [24]. IL-1β promo- 
tes neuroinflamma-
tion in patients with 
neurological disorde- 
rs and promotes the 
progression of neu-
roinflammation toge- 
ther with TNF-α, IL-6 
and so on [28, 29]. 
Inhibition of TNF-α 
release may reduce 
IL-1 synthesis, limit 
the development of 
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the incidence, duration and outcome of POCD 
[24, 25, 32]. NSE is specifically present in neu-
rons and neuroendocrine cells, whose concen-
tration in serum may indicate the severity of 
brain injury [33]. Detection of changes in levels 
of inflammatory cytokines like IL-1, IL-6, IL-8 
and TNF-α in this trial showed that ANH and CH, 
whether used alone or in combination, did not 
interfere with the trend of changes in postop-
erative inflammatory factors. In this study, all 
four groups of patients had significantly elevat-
ed S-100β and NSE levels at completion of sur-
gery and 1 d after surgery, which returned to 
the preoperative levels 7 d after surgery. This 
suggests that ANH combined with CH does not 
aggravate cerebral tissue damage in patients.

There is the risk of cerebral ischemia-hypoxia 
caused by decreased tissue perfusion pres-
sure after CH. However, currently accepted 
safety limit for CH is MAP at 50-55 mmHg. In 
this experiment, MAP is not less than 55 mmHg 
and not longer than 90 min, in order to avoid 
the cerebral hypoperfusion caused by long-
term hypotension. In this experiment, SVV and 
SVR decreased while CVP and CO increased 
after ANH in the ANH and AC groups. In the  
CH group, hypotension caused vasodilation of 
middle and small arteries, systemic hypovole-
mia and decreased CVP and SVR. Hypotension 
also caused compensatory heart rate increase. 
The accelerated heart rate was insufficient to 
compensate for the lack of systemic blood vol-
ume, so CO decreased. As for the AC group, 
hemodilution was performed first to lower 
blood viscosity and accelerate blood flow, fol-
lowed by controlled hypotension, where HR,  
CO, CVP were relatively stable. This suggests 
that combined ANH and CH has smaller impact 
on hemodynamics than using alone and can 
achieve more stable hemodynamic indices.

It has been reported that during ANH, neuronal 
apoptosis at the porcine hippocampus or cere-
bral cortex does not increase significantly in the 
acute phase even if Hct decreases to between 
10-15%, while acute hypoxia causes evident 
neuronal stress response [34]. Some studies 
have shown that stable oxygen supply in tis-
sues and organs can be maintained when Hct 
is not less than 20%. Oxygen supply can reach 
the maximum at the level between 20-30%. 
This indicates that ANH has preventive and pro-
tective effects on cerebral ischemia reperfu-

sion injury, which can guarantee normal oxygen 
metabolism [35]. In clinical settings, cerebral 
venous blood is often replaced by jugular bulb 
venous blood in the determination of SjvO2. 
VADL within the blood of this site can reflect  
the net production of lactate in brain tissues, 
that is, anaerobic metabolism of brain tissues, 
which thus can accurately reflect the relation-
ship of cerebral oxygen supply-consumption 
balance [36]. Increased VADL reflects reduced 
cerebral oxygen supply. Continuous increase in 
lactate level may endanger the brain function, 
resulting in cognitive impairment and other 
damage [37, 38]. Da-jvO2 and CERO2 are blood 
metabolic indices reflecting the degree of 
matching between blood flow and oxygen con-
sumption in brain tissues. Decreased Da-jvO2 
and CERO2 indicate reduced cerebral oxygen 
consumption and sufficient oxygen supply, whi- 
le increased Da-jvO2 and CERO2 indicate incre- 
ase in cerebral oxygen consumption and short-
age of oxygen supply. Results of this study 
showed no significant change in CERO2 in the 
ANH group, suggesting that the increased cere-
bral blood flow is sufficient to compensate for 
the inadequate blood oxygen supply. In the CH 
group, lack of blood volume and accelerated 
heart rate partially compensated for decreased 
CO caused by reduction in stroke volume, while 
showing no significant influence on CERO2. 
Increase in CERO2 was noted in the AC group, 
suggesting lack of oxygen supply and incre- 
ased cerebral oxygen consumption. However, 
no significant change in VADL was noted, indi-
cating absence of anaerobic metabolism within 
brain tissue. Organisms maintain cerebral oxy-
gen consumption at a stable level by increasing 
CERO2.

Currently, pathogenesis of POCD is not very 
clear yet. Previous studies suggested that 
POCD might be associated with preoperative 
diabetes, low level of education, perioperative 
inflammatory response, postoperative compli-
cations, perioperative ischemia and hypoxia 
[36, 39]. Our study showed that factors such as 
central nervous system degeneration and cal-
cium dyshomeostasis are involved in damage 
and apoptosis of brain cells in elderly pati- 
ents. Besides, poor cerebrovascular autoregu-
lation easily leads to intraoperative imbalance 
of cerebral oxygen supply-consumption, there-
by causing POCD [12]. There are also some limi-
tations in our research. Firstly, the need for 
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strict indications and clinical experience may 
not be conducive to the technological practice 
at primary hospitals; secondly, the small num-
ber of patients is insufficient to explain the test 
results of this study. In addition, animal experi-
ments are needed for investigating the chang-
es in hippocampus and cortical brain function 
on a molecular level.

In summary, ANH combined with CH does not 
increase the incidence of POCD compared with 
using alone. ANH combined with CH also has 
the following advantages: It does not signifi-
cantly impact hemodynamic stability; it signifi-
cantly reduces blood loss and allogeneic blood 
transfusion; it does not exacerbate inflamma-
tion; and it has no significant influence on 
S-100β and NSE level.
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