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Abstract: Objective: To investigate the effect of acute normovolemic hemodilution (ANH) combined with controlled 
hypotension (CH) on extravascular lung water and systematic oxygen metabolism for elderly patients, and to explore 
the clinical security of ANH + CH. Methods: 45 elderly patients undergoing elective spine and hip replacement 
surgery were selected and randomly divided into 3 groups (n=15 in each): control group (group A); acute normo-
volemic hemodilution group (group B); acute normovolemic hemodilution combined with controlled hypertension 
group (group C). Artery blood samples of patients were collected for blood-gas analysis at four time points: before 
induction of anesthesia (T1), after hemodilution (T2), 30 min after controlled hypotension (T3), after surgery (T4). We 
observed and recorded heart rate (HR), mean arterial pressure (MAP), central venous pressure (CVP), cardiac index 
(CI), systemic vascular resistance (SVR), intrathoracic blood volume (ITBV), extravascular lung water (EVLW), and cal-
culated the values of oxygen delivery (DO2) and oxygen consumption (VO2). The recorded values of each group were 
compared and analyzed. Results: The Hct and Hb of patients in group B and group C decreased obviously after ANH 
compared with that of pre-surgery. After controlled hypotension, the HR of patients in group C elevated while MAP 
dropped, but the CVP was maintained at the preoperative level. There were differences in CI, SVR, ITBV and EVLW 
between the three groups at the same time point but without statistical significance, and all patients recovered to 
preoperative levels after operation. The SVR in both group B and C decreased obviously after hemodilution and con-
trolled hypotension by comparing with preoperative level; and the SVR in patients of group C dropped more sharply 
at T3, which had statistical significance by comparing with group A at the same time point. The ITBV in group C at T3 
changed obviously compared with the value at T1; but the decline, compared with group A at the same time point, 
was not obvious. The DO2 value in both group B and C increased at T2 and was significantly different from the value 
at T1 and the value of group A at T2; the DO2 in group B was still at the high level after CH, while the DO2 in group C 
recovered to the basic levels. The VO2 values of three groups all declined after ANH and CH, but the decreases were 
not obvious, and all groups recovered to preoperative levels after operation. Conclusion: Preoperative ANH can obvi-
ously increase the reserve of circulating blood volume for elderly patients; combining with controlled hypotension, 
it can maintain a stable perioperative circulatory function, significantly reduce ITBV and keep EVLW at normal level 
to avoid increasing the occurrence of pulmonary edema. In addition, it also can increase the oxygen supply and 
maintain a stable body oxygen metabolism.
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Introduction

As China entered aging society, the elderly pa- 
tients have accounted for a considerable pro-
portion in the surgical population. As a special 
population, their respiratory and circulatory 
systems have gradually degenerated, and the 
abilities to adapt to the volume change and tis-

sue oxygenation perfusion are gradually decre- 
ased. Changes in anesthesia, mechanical venti-
lation, respiratory mechanics and pulmonary 
perfusion could lead to perioperative pulmo-
nary complications in elderly patients, and 
these changes could also reduce the protective 
response to hypoxemia in elderly patients. At 
present, there are studies clinically use the 
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technique of hemodilution combined with con-
trolled hypotension in surgeries of young adult 
patients; and the results showed the applica-
tion could reduce homologous blood transfu-
sion and maintain hemoglobin, hematocrit in 
the normal range, moreover, it could keep blood 
pressure (BP), heart rate (HR), electrocardio-
graph (ECG) and oxygen saturation (SpO2) in a 
stable condition, which had certain advantages 
[1-4]. 

During the operation, acute normovolemic he- 
modilution (ANH) can reduce blood viscosity to 
decrease systemic vascular resistance and 
increase cardiac output (CO), as a result, the 
increased blood flow speed and tissue blood 
flow can achieve an effective compensation 
effect [5-7]. But with the strengthen of ANH, 
body volume load will also increase and cause 
the changes in pulmonary blood flow and 
osmotic pressure, which will lead to the 
increase in pulmonary blood volume and fur-
ther cause the transition of liquid into intersti-
tial space through vascular walls. If the blood 
vessels have pathological changes, it will cause 
the outflow of proteins, then change the colloid 
osmotic pressure and lead to interstitial edema, 
and finally increase the mortality [8, 9]. Con- 
trolled hypotension (CH) is a blood conserva-
tion technique that can directly reduce bleed-
ing volume during surgery, and it can also 
improve the conditions of surgical site. Some 
studies have shown that the use of CH in elder-
ly patients has risk of increasing cognitive 
impairment after the operation [10, 11]. In the 
animal experiment, the results showed that 
ANH could reduce the hematocrit (Hct) to 25% 
and cause hypotension, which can further 
cause the spinal cord ischemia and reperfusion 
injury in the experimental animals and the 
results in severe neurological damage [12]. It 
can be seen that the single use of ANH or CH 
for patients would have certain shortages. How 
to grasp the degree of ANH and how to reason-
ably use CH is noteworthy. 

Although there are many researches about 
ANH and CH in clinical application, systematic 
study on the effect of their combination therapy 
on extravascular lung water, respiratory me- 
chanics and systemic oxygen metabolism in 
elderly patients has not been reported. In this 
study, through the comprehensive analysis of 
the effect of combination therapy, we provide 
new ideas and experimental basis in order to 
avoid the adverse effects of perioperative 

respiratory circulation, reduce the incidence of 
postoperative complications, evaluate the eff- 
ectiveness of blood dilution method, and help 
elderly patients getting through the periopera-
tive period.

Methods

Inclusion criteria and exclusion criteria

Inclusion criteria: Elderly patients with elective 
surgery (mainly with spine and hip replacement 
surgery) were selected in this study; the 
patients were over 65 years old with unlimited 
gender, ASA level ranged I-II, the surgery time 
was over 2 hours. Estimated operative bleeding 
volume >600 ml. Preoperative hemoglobin (Hb) 
≥110 g/L, hematocrit (Hct) ≥35%, platelet 
count (PLT) ≥100*109/L. Exclusion criteria: 
Patients with malignant tumor, abnormal pre-
operative coagulation and system dysfunctions 
in heart, liver and kidney, lung and other impor-
tant organs; patients associated with cerebro-
vascular disease and preoperative deep venous 
thrombosis of the lower limbs. 

Case grouping

45 elderly patients were selected and randomly 
divided into 3 groups with 15 cases in each 
group. Group A (normal control group): crystal 
solution and colloidal solution were routinely 
infused during the operation for the supple-
ment of blood volume, and homologous blood 
was transfused according to the blood routine 
monitor and blood loss. Group B (ANH group): 
conventional infusion of crystal solution and 
colloidal liquid in the process of operation, after 
intubation under general anesthesia, ANH was 
performed by releasing blood from the radial 
artery; dilution volume was calculated accord-
ing to formula, target Hct was set at 0.3 and 
blood releasing velocity was adjusted to 
200~300 ml/10 min, in the meanwhile, same 
amount of hydroxyethyl starch colloid was 
infused through the subclavian vein; Group C 
(ANH + CH group): repeat the same procedures 
in group B that mentioned above; in addition, at 
15 min after skin incision, nitroglycerin was 
continuously pumped in; when HR >100 beats/
min, esmolol was added and the transfusion 
speed of nitroglycerin was adjusted to control 
the target MAP at 8.64 kPa (65 mmHg). At the 
end of the key step of the operation, the dosage 
of nitroglycerin was gradually reduced till com-
pletely stopped to finish CH. 
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ANH method

According to preoperative value of Hb and Hct, 
blood dilution volume was calculated according 
to formula with Hct set at 0.3. Blood collection 
was strictly in accordance with the require-
ments of aseptic operation: autologous blood 
was collected through the femoral artery cath-
eter at the speed of 200~300 ml•10 min-1, at 
the same time, equivalent 6% hydroxyethyl 
starch was infused via the subclavian vein. 
After collection, blood was saved at room tem-
perature for no more than 6 h. Reference for-
mula for blood collecting: Blood volume = 
EBV*2*(actual Hct - target Hct)/(actual Hct + 
target Hct); EBV refers to estimated blood vol-
ume: body weight (kg)*70 ml*kg-1 for male and 
body weight (kg)*60 ml•kg-1 for female; actual 
Hct refers to Hct before dilution, and target Hct 
refers to expected Hct after dilution, the target 
Hct in this study was set at 0.3; The collected 
blood was weighted and then the volume was 
calculated according to the blood density of 
1.06 g•ml-1.

CH method

Continuously pump nitroglycerin at 15 min 
after skin incision to start CH, and add esmolol 
when heart rate >100 beats/min. At the end of 
the key surgical procedure, reduce the dose of 
nitroglycerin till completely stopped to stop CH.

The methods of liquid transfusion in the sur-
gery 

Preoperative fluid loss was calculated accord-
ing to the rehydration formula, peripheral vein 
was opened after entering operation room, and 
the transfusion was started. During the opera-
tion, in addition to supply the necessary fluid 
that physiologically required, an additional 
amount of 8 ml•kg-1•h-1 was added to make up 
for the fluid loss due to surgical trauma. The 
proportion of crystals solution and colloidal 
solution was maintained at 2:1 (see Table 1). 
An equal amount of 6% hydroxyethyl starch was 

homologous blood should be transfused to 
patients in group B and C if hemodynamic 
couldn’t be stably maintained. As surgery went 
on smoothly, the collected autologous blood 
should be re-infused during 30 min before sur-
gery finished.

Monitoring index

Patients were routinely examined of BP, HR, 
ECG and SpO2 after entering the operation 
room. Central venous pressure (CVP) was mea-
sured by placing deep venous catheter via sub-
clavian vein, arterial pressure (AP), cardiac 
index (CI), cardiac output (CO), pulmonary vas-
cular permeability index (PVPI), cardiac diastol-
ic volume (GEDV), intrathoracic blood volume 
index (ITBVI), extravascular lung water (EVLW), 
stroke volume variation (SVV), stroke volume 
(SV), left ventricular systolic index (dP/dtm) and 
systemic vascular resistance (SVR) was mea-
sured by placing of PiCCO thermodilution cath-
eter via femoral artery; all the values of indices 
were carefully recorded.

Blood colloid osmotic pressure (COP) of pati- 
ents was measured and their arterial blood and 
mixed venous blood was collected for blood 
gas analysis at following time points: Before 
induction (T1), immediately after blood dilution 
(T2), 30 min after reaching the target blood 
pressure by controlled hypotension (T3), and 
end of surgery (T4). The blood gas analysis 
includes pH, Hb, Hct, arterial oxygen tension 
(PaO2), arterial carbon dioxide tension (PaCO2), 
arterial oxygen saturation (SaO2), mixed venous 
oxygen partial pressure (PvO2), mixed venous 
oxygen saturation degree (SvO2) and so on; and 
we also calculated the arterial oxygen content 
(CaO2), venous oxygen content (CvO2), oxygen 
uptake rate (ERO2), arterial - venous oxygen 
content difference (C(a-v)O2), oxygen output 
(DO2), and oxygen consumption (VO2). The 
respiratory mechanics was consecutively moni-
tored during operation, indicators with specific 
data on key time point were recorded and the 
corresponding trend graphs were generated for 

Table 1. General information of patients in three groups (_x
±s, n=15)
Inde Group A Group B Group C
Gender (female/male) 7/8 8/7 9/6
Age (years) 71.6±5.8 69.3±3.8 70.1±4.9
Weight (kg) 65.7±9.6 66.3±9.8 64.1±9.7
The operative time (min) 154.5±20.8 168.1±24. 173.2±27.8

transfused according to the real-
time intraoperative blood loss. Bl- 
ood transfusion: According to intra-
operative blood test indicators, wh- 
en Hcg <25%, or hemoglobin <80 g, 
blood transfusion was performed. 
Group A was transfused with homol-
ogous blood; group B and C were 
transfused with autologous blood; 
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Table 3. Comparison of HR, MAP and CVP in different groups of 
patients at different time point (

_
x±s, n=15)

Index Group T1 T2 T3 T4

HR A 76.4±6.5 81.1±8.6 79.9±9.2 76.7±9.8
(time/min) B 75.3±8.1 78.7±9.0 78.1±10.1 76.9±10.1

C 76.6±7.6 79.1±8.1 86.0±8.9*,Δ 76.9±7.3
MAP A 93.2±10.3 89.7±10.1 90.4±9.5 89.1±10.4
(mmHg) B 90.6±8.8 88.4±9.0 89.9±9.6 87.7±10.2

C 92.1±9.4 89.6±9.8 75.7±4.4*,Δ 86.4±9.5
CVP A 4.7±0.7 4.7±0.8 4.6±1.0 4.9±1.1
(cmH2O) B 5.0±0.8 4.7±0.9 4.9±1.0 4.8±1.1

C 4.9±0.8 4.6±1.2 4.5±1.0 4.8±1.0
Note: *: compared with T1, P<0.05; Δ: compared with group A, P<0.05.

a graphic description. Specific indicators in- 
clude: peak inspiratory pressure (PIP), plateau 
pressure (Pplat), airway resistance pressure 
(PRAW), pressure - volume loop, and flow - vol-
ume ring etc.

Statistical analysis

SPSS13.0 software package was used for sta-
tistical analysis. The measurement data were 
expressed with mean ± standard deviation (

_
x

±S), and examined by normal distribution test 
and homogeneity of variance test. The compari-
sons of mean data within each group were 
examined by t-test, and the comparison of 
mean data between each group were examined 
by ANOVA and q-test, P<0.05 was considered 
statistically significant.

Results

Comparison of general information between 
each group 

Differences in sex ratio, age and weight, opera-
tion time between the three groups were not 
statistically significant (P>0.05) (See Table 1).

but without statistical significance (P>0.05). 
After controlled hypotension, the HR increased 
significantly in patients of group C at T3, com-
pared with the value at T1 and the value of group 
A at T3, the differences were statistically signifi-
cant (P<0.05), and all patients recovered to 
preoperative level after operation (P>0.05) 
(see Table 3). The MAP value of group B 
decreased at T2, but the differences were not 
statistically significant by comparing with the 
value at T1 and the value of group A at T2 
(P>0.05); The MAP value of patients in group C 
decreased significantly at T3 and there were sig-
nificant differences by comparing with the 
value at T1 and the value in group A at T3 (see 
Table 3). There was no statistical significance in 
the comparison of CVP, no matter the compari-
son between each group at same time point, or 
the comparison between each time point in 
same group, although the CVP in group C obvi-
ously decreased at T3 (P>0.05) (see Table 3).

Changes in extravascular lung water indices in 
each group

Although there were differences in the compari-
son of CI, SVR, ITBV and EVLW between three 

Table 2. Comparison of Hct and Hb in different groups of pa-
tients at different time point (

_
x±s, n=15)

Index Group T1 T2 T3 T4

Hct A 38.6±3.1 36.9±3.3 37.2±2.8 36.4±3.4
(%) B 37.7±2.6 29.9±0.8*,Δ 28.2±1.1*,Δ 35.8±4.1

C 39.2±3.4 30.6±0.7*,Δ 31.4±1.0*,Δ 36.9±3.8
Hb A 12.7±1.1 12.5±1.2 12.0±1.1 11.5±1.2
(g/L) B 13.1±1.2 9.5±0.6*,Δ 9.4±0.5*,Δ 11.6±1.0

C 12.9±0.9 9.3±0.5*,Δ 9.7±0.6*,Δ 11.9±1.3
Note: *: compared with T1, P<0.05; Δ: compared with group A, P<0.05.

Changes in Hct and Hb in each 
group 

Although the Hct and Hb at T1 was 
different in each group, the differ-
ences were not statistically sig-
nificant (P>0.05), and all patients 
recovered to preoperative levels 
after operation (See Table 2). The 
Hct of patients in both group B 
and C reached the target value at 
T2; compared with the value at T1 
and the value of group A at T2, the 
differences were statistically sig-
nificant (P<0.05) (see Table 2). 
The Hb of patients in group B and 
C decreased significantly at T2; 
compared with the value at T1 and 
the value of group A at T2, the dif-
ferences were statistically signifi-
cant (P<0.05) (see Table 2).

Changes in hemodynamic indi-
ces in each group 

After ANH and CH, the HR of 
patients in all three groups elevat-
ed; the elevation in group A were 
more obvious than that of group B 
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groups at T1, the differences were not statisti-
cally significant (P>0.05), all patients recovered 
to preoperative level after operation. The CI 
value of group C significantly decreased at T3; 
EVLW value generally showed a decreasing 
trend although it changed differently at T2 and 
T3, however, the difference between the value 
at T1 and T2 as well as T1 and T3 was not statisti-
cally significant (P>0.05) (see Table 4). The SVR 
in group B and C decreased at T2 and T3, the 
differences had statistical significance by com-
paring with the value at T1 (P<0.05); the SVR of 
group C dropped more sharply at T3, and com-
pared with the value of group A at T3, the differ-
ence was statistically significant (P<0.05) (see 
Table 4). The ITBV in group C decreased at T3, 
and the difference was statistically significant 
by comparing with the value at T1 (P<0.05) but 
not statistically significant by comparing with 
the value of group A at T3 (P>0.05) (see Table 
4).

level, and by comparing with the value at T1 and 
the value of group A at T3, the differences were 
statistically significant (P<0.05) (see Table 5). 
The VO2 value of patients in all 3 groups 
declined at T2 and T3, however, there was no 
statistical significance in the comparison of 
VO2, no matter the comparison between each 
group at the same time point or the comparison 
between different time point in the same group 
(P>0.05) (see Table 5).

Discussion

The development of ANH not only has impor-
tant significance in saving blood, but also had 
advantages in decreasing the blood viscosity, 
improving microcirculation, and increasing oxy-
gen supply through the redistribution of blood; 
it has great meaning in improving the pathologi-
cal and physiological conditions during periop-
erative period, especially for the elderly patients 
in China [13, 14]. However, a large amount of 

Table 4. Comparison of CI, SVR, ITBV and EVLW in different groups of 
patients at different time point (

_
x±s, n=15)

Index Group T1 T2 T3 T4

CI A 3.6±0.5 3.8±0.6 4.2±0.8 4.0±0.6
(L/min·m2) B 4.0±0.5 3.9±0.8 4.3±0.8 4.2±0.7

C 3.9±0.5 4.2±0.8 3.8±0.6 4.1±0.7
SVR A 1481±200 1421±171 1427±178 1402±151
(dyn/s·cm5) B 1573±182 1391±148* 1396±186* 1468±154

C 1578±227 1401±166* 1291±132*,Δ 1435±164
ITBV A 1824±257 1695±291 1677±215 1729±197
(ml) B 1809±189 1744±252 1713±177 1765±211

C 1783±234 1662±225 1580±199* 1696±183
EVLW A 465±70 431±55 433±60 471±75
(ml) B 479±64 443±48 445±42 462±48

C 456±52 429±40 442±45 447±42
Note: *: compared with T1, P<0.05; Δ: compared with group A, P<0.05.

Table 5. Comparison of DO2 and VO2 in different groups of patients at 
different time point (

_
x±s, n=15)

Index Group T1 T2 T3 T4

DO2 A 547.8±30.4 540.3±28.8 530.5±27.3 541.6±29.6
(ml/min·m2) B 556.4±35.9 633.6±48.0*,Δ 614.8±41.7*,Δ 532.8±30.2

C 535.2±28.1 645.8±45.3*,Δ 621.7±45.4*,Δ 524.6±27.6
VO2 A 117.9±14.3 110.6±13.5 114.7±14.0 116.5±14.4
(ml/min·m2) B 122.6±15.7 118.4±15.1 116.5±14.3 119.6±15.4

C 119.8±15.5 114.7±14.7 112.7±15.0 117.3±14.8
Note: *: compared with T1, P<0.05; Δ: compared with group A, P<0.05.

Changes in the indices 
of systemic oxygen me-
tabolism in each group 

Although the preoperati- 
ve DO2 values of the 3 gr- 
oups different from each 
other at T1, the differenc-
es were not statistically 
significant (P>0.05), and 
patients in all three gr- 
oups recovered to preop-
erative level after opera-
tion. The DO2 value of pa- 
tients in group B increa- 
sed at T2, compared with 
the value at T1 and the 
value of group A at T2, 
the differences were sta-
tistically significant (P< 
0.05); The DO2 value of 
patients in Group C incr- 
eased at T2, and by com-
paring with the value at 
T1 and the value of group 
A at T2, the differences 
were statistically signifi-
cant (P<0.05); however, 
after reaching the target 
blood pressure, the DO2 
value of both group B 
and C was still at high 
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crystal solution and colloid solution infused 
during ANH will cause changes in blood volume 
and blood flow in lung, which may cause liquid 
transfusion through the vascular wall to tissue 
space and lead to increased extravascular lung 
water under certain conditions; as a result, it 
will increase the incidence of pulmonary ede- 
ma, as well as influence the systemic oxygen 
metabolism [15, 16]. CH can not only reduce 
the blood loss of surgical field, but also has 
important significance in reducing homologous 
blood transfusion and maintaining the stability 
of hemodynamics. For elderly patients, the vas-
cular wall elasticity was weakened; CH during 
operation may lead to insufficient tissue perfu-
sion that reduce oxygen supply of vital organs, 
thereby increasing the risk of injury [17, 18].

At present, there are a lot of experiments stud-
ied the effect of ANH and CH on blood flow 
dynamics [19, 20]. However, the research on 
the effect of ANH combined with CH on the 
hemodynamic changes of the elderly patients 
is not profound. In this study, after the imple-
mentation of CH, the HR value of patients in 
group C was significantly increased and the 
MAP value was significantly decreased at the 
same time. However, after the implementation 
of ANH, the value of HR and MAP of patients in 
group B was relatively stable during the period 
of CH, the increase amplitude in group B was 
not as much as that in group A, and the CVP of 
patients in group B also remained relatively 
stable without significant difference. We belie- 
ved that it might be due to the following rea-
sons: first, although the research subjects were 
elderly patients, they had no heart or lung sys-
tem diseases, the body still could compensate; 
second, patients may had insufficient blood 
volume before surgery, plus the controlled 
hypotension caused reflex tachycardia, more-
over, nitroglycerin dilated peripheral vein, the 
peripheral vascular resistance was decreased 
and finally caused the decrease of MAP; third, 
ANH increased the circulating blood volume, 
improved microcirculation, and maintained HR 
and MAP in the normal range during CH imple-
mentation; fourth, the adjust in anesthesia 
depth during different steps of operation also 
affected the change of HR and MAP in a certain 
range; in addition, during the period of ANH and 
CH, the blood volume of patients didn’t change 
much, CVP had a significant reduction in the 
period of CH but still in the normal range, and 

the patients of group B did not show overload 
circulation. Besides, the comprehensive impact 
of intraoperative fluid infusion, surgical opera-
tion and autonomic nerve system of patients 
could also lead to fluctuations in CVP and 
increase MAP and HR in small amplitude. Thus, 
preoperative ANH can significantly increase the 
reserve of circulating blood volume, and its 
combination use with CH can reduce periopera-
tive circulatory dysfunction and increase the 
stability in hemodynamics.

The VO2 and DO2 are important indicators of the 
balance of oxygen supply and consumption, tis-
sue oxygen supply is determined by CO, SaO2 
and Hb content; after blood dilution, the Hb 
concentration decreased and resulted in the 
decrease of blood oxygen content. In general, 
the blood oxygen can be compensated by the 
adjusting function of body, such as: increase 
CO, improve microcirculation and increase tis-
sue oxygen intake as well as reduce Hb oxygen 
affinity, to maintain tissue oxygen supply. 
During ANH, the blood was re-shunted, the 
actual flow of blood that flow into the capillary 
network of each organ was greatly increased, 
and the surrounding tissues were perfused uni-
formly. Therefore, ANH does not damage local 
tissue oxygenation, but makes it more uniform. 
Animal experiments have confirmed that when 
the Hct dropped below 15%, the values of VO2 
and DO2 started to significantly reduce. In this 
experiment, the oxygen supply increased after 
the blood dilution, but the oxygen consumption 
was maintained at the normal level. And after 
the implementation of CH, oxygen supply of 
patients in group C was still kept at a higher 
level, the oxygen consumption declined but not 
obviously. The reasons for the above results are 
as follows: first, the compensation mechanism 
of body reduced the adverse effects caused by 
the decrease of Hb concentration. In this exper-
iment, the target Hct value was 30%, it had a 
certain effect in maintaining Hb concentration, 
and did not reduce the CO. Second, nitroglyc-
erin directly worked on the small vein of whole 
body, peripheral resistance was decreased, 
and resulted in the decrease of the average 
blood pressure and slight decrease of VO2. 
Third, the implementation of CH caused reflex 
tachycardia, the increased heart rate compen-
sated for the reduced CO caused by decreased 
stroke volume, so there was no significant influ-
ence on oxygen supply and consumption. 
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Fourth, general anesthetics had certain impact 
on DO2 and VO2. The results showed that ANH 
combined with CH not only has high safety, but 
also can maintain the stability of systemic oxy-
gen metabolism in elderly patients.

In conclusion, ANH combined with CH can sig-
nificantly reduce ITBV, maintain EVLW at a nor-
mal level, it doesn’t increase the incidence of 
pulmonary edema, moreover, it increases sys-
temic oxygen supply, and better maintains sta-
ble oxygen metabolism that cause less damage 
to important organs.
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