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Abstract 

Background Acute normovolemic hemodilution (ANH) was first introduced in glioblastoma surgery, and its role 
in reducing allogeneic blood transfusion was investigated in this study.

Methods This study enrolled supratentorial glioblastoma patients who received total resection. In the ANH group, 
the patients were required to draw blood before the operation, and the blood will be transfused back to the patient 
during the operation. The association between ANH and clinical features was investigated.

Results Sixty supratentorial glioblastoma patients were enrolled in this study, 25 patients were allocated in the ANH 
group, and another 35 patients were included in the control group. ANH dramatically reduced the need for allogeneic 
blood transfusion (3 [12%] vs 12 [34.3%], P = 0.049), and the blood transfusion per total of patients was dramatically 
decreased by the application of ANH (0.40 ± 1.15 units vs 1.06 ± 1.59 units, P = 0.069). Furthermore, ANH also markedly 
reduced the requirement of fresh frozen plasma (FFP) transfusion (2 [8%] vs 11 [31.4%], P = 0.030) and the volume 
of FFP transfusion per total of patients (32.00 ± 114.46 mL vs 115.71 ± 181.00 mL, P = 0.033). The complication rate 
was similar between the two groups.

Conclusions ANH was a safe and effective blood conservation technique in glioblastoma surgery.
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Background
Glioblastoma is the most common malignancy brain 
tumor [1]. Maximum safe resection is recommended 
as the first-step key treatment [2]. Major glioblastoma 
resection may encounter large blood loss and require 
red blood cell (RBC) transfusion and fresh frozen plasma 
(FFP) transfusion [3, 4]. As reported, 48.9% of patients 
who underwent glioblastoma surgery received alloge-
neic blood transfusion [4]. Allogeneic blood transfusion 
for patients who underwent cranial surgery is associated 
with substantive postoperative mortality and morbid-
ity [5]. However, preparation of sufficient blood product 
is important to ensure the safety of glioblastoma sur-
gery. Nevertheless, blood supply was often insufficient 
in clinical practice [6, 7]. Furthermore, allogeneic blood 
transfusion has some well-known disadvantages, includ-
ing immunomodulatory effects which may affect innate 
immunity to suppress the growth and spread of the 
tumor [8, 9]. Therefore, it is crucial to reduce allogeneic 
blood transfusion.

Acute normovolemic hemodilution (ANH) is a clinical 
technique for blood conservation. ANH collects autolo-
gous blood immediately before the surgery and main-
tains euvolemia with crystalloid/colloid replacement 
[10]. The harvested autologous blood will be returned 
to the patient before completing the surgery. ANH has 
been successfully used in hepatic, cardiac, and orthope-
dic surgeries, and ANH was suggested to reduce alloge-
neic blood transfusion, preserve coagulation factors, and 
eliminate the possibility of clerical error [11–13]. How-
ever, the role of ANH in glioblastoma surgery remains 
largely unknown.

This study aimed to assess the role of ANH in reducing 
perioperative allogeneic blood transfusion and identify 
the impact of ANH on patients’ outcomes in glioblas-
toma surgery.

Methods
Patient enrollment and study design
A case–control study was carried out in our hospital to 
identify the role of ANH in glioblastoma surgery. Adult 
patients older than 18 years with a pathological diagnosis 
of supratentorial glioblastoma who underwent gross total 
resection were enrolled. Patients with ANH were allo-
cated to the ANH group, and the control group did not 
receive ANH. We excluded (1) hemoglobin < 10.0  g/dL 
or serum hematocrit < 28% preoperatively; (2) combined 
with systematic disease, including congestive heart dis-
ease, obstructive pulmonary disease, or abnormal coagu-
lation status; (3) combined with cerebrovascular disease 
or other intracranial lesions; (4) preoperative blood 
donation or receiving erythropoietin; (5) tumor localized 

at brainstem, spinal cord, or cerebellum; (6) partial resec-
tion or biopsy; and (7) incomplete or missing data. The 
STROBE statement was followed in this study. This study 
was approved by the ethics committee of First Affiliated 
Hospital of Fujian Medical University. Informed consent 
was all obtained from the patients.

Perioperative surgical management
The guidelines of the European Association for Neuro-
Oncology (EANO) were obeyed in the management of 
glioblastoma [14]. Briefly, the goal of surgery is to safely 
remove as much tumor as possible. None of the patients 
in this cohort underwent preoperative supply vessel 
embolization. Gross total resection should yield the neu-
rofunctional protection when tumor cells infiltrated the 
eloquent areas. All patients in the ANH group received 
400  mL of whole blood withdrawn. The blood was col-
lected through a radial arterial line and stored in a stand-
ard disposable plastic autologous blood collection bag 
(Shanghai Blood Transfusion Technology Co., Ltd., 
China) at room temperature. During collection, a tilt 
rocker scale (CZK-IB, Suzhou Medical Instrument Com-
pany, China) was applied to mix and assess the blood. 
Euvolemia was achieved by transfusing 600  mL crystal-
loid and 200 mL colloid. Perioperative blood transfusion 
followed the guidelines of the American Society of Anes-
thesiologists Task Force on Perioperative Blood Transfu-
sion and Adjuvant Therapies [15]. A hemoglobin < 7.0 g/
dL was set as the intraoperative transfusion trigger. 
Autologous blood was transfused to patients if the intra-
operative transfusion trigger was met; if it did not reach 
the transfusion trigger or the surgery was performed for 
more than 8 h, the autologous blood was reinfused then. 
Only when autologous blood had been used, the allo-
geneic blood may be ordered. In the non-ANH group, 
allogeneic blood was ordered when the transfusion trig-
ger was reached. Postoperatively, allogeneic blood was 
ordered when suffering hemodynamic changes or hemo-
globin < 8  g/dL. FFP transfusion was indicated when 
encountered huge microvascular bleeding intraopera-
tively or INR > 1.8.

Statistical analysis
The outcome was evaluated with the Karnofsky Per-
formance Scale (KPS) at discharge, and the KPS scores 
were divided into favorable (KPS 70–100) and unfavora-
ble (KPS 0–60) outcomes. Continuous variables were 
expressed as mean ± SD, and categorical variables were 
presented as counts with percentages. The continuous 
variables were assessed by independent sample t test 
or the Mantel–Haenszel test, and the categorical vari-
ables were measured by χ2 test or the Fisher’s exact test. 
The results with P < 0.05 were considered statistically 
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significant. All the statistical analysis was conducted with 
the SPSS (IBM Statistic 20.0).

Results
A total of 94 patients who underwent glioblastoma sur-
gery were identified in our hospital between Jan 2020 and 
Dec 2020. Sixty patients were included in the final analy-
sis (Fig. 1), 25 in the ANH group, and 35 in the non-ANH 
group.

Patient characteristics and surgical data
Patient characteristics were similar between the two 
groups (Table 1). The conduction of ANH had no obvi-
ous impact on the length of surgery (227.5 ± 73.2 min vs 
252.8 ± 81.1 min, P = 0.219, Table 2). The amount of blood 
loss was similar between the two groups. There were no 
differences in the amount of total fluid given, the amount 
of crystalloid given, the amount of colloid given, and 
the intraoperative urine output (Table  2). Hemodynam-
ics, including systolic blood pressure and central venous 
pressure, was stably maintained within the normal range 
throughout the operation in both groups.

The complication rate was similar between the two 
groups. A total of 21 complications were identified in 19 
(31.7%) patients in the entire cohort, 9 complications in 
8 ANH patients, and 12 complications in 11 non-ANH 
patients (8 [32%] vs 11 [31.4%], P = 0.963). The complica-
tion rates were similar to previous reports (30.3–47.6%) 
[3, 16]. Pulmonary infection (n = 6, 10%) and intrac-
ranial infection (n = 6, 10%) were the two most com-
mon complications, both of which occurred similarly in 
ANH patients and in non-ANH patients (4 [16%] vs 2 
[5.7%], P = 0.383; 2 [8%] vs 4 [11.4%], P = 0.663, respec-
tively, Table 2). Three patients encountered postoperative 
intracranial hematoma and underwent a second surgery, 
1 in the ANH group and 2 in the non-ANH group (1 [4%] 
vs 2 [5.7%], P = 0.764). Three patients developed hydro-
cephalus, 1 in the ANH group and 2 in the non-ANH 

group (1 [4%] vs 2 [5.7%], P = 0.764). Each group had 1 
patient who suffered from severe brain edema. One 
patient in the non-ANH group experienced incision 
infection. No patients had myocardial ischemia or 

Fig. 1 Flow chart showed the enrollment of glioblastoma patients in this study

Table 1 Comparison of demographic and preoperative data

Data are mean ± SD or n (%). P values were calculated by Student’s t test, 
Mann–Whitney U test, chi-square test, or Fisher’s exact test, as appropriate. 
ANH acute normovolemic hemodilution, ASA classification American Society 
of Anesthesiologists classification, INR international normalized ratio, PT 
prothrombin time, APTT activated partial thromboplastin time, BUN urea 
nitrogen

ANH (n = 25) Non-ANH (n = 35) P value

Age (year) 48.5 ± 16.2 49.1 ± 13.9 0.873

Male, % 14 (56%) 24 (68.6%) 0.319

Body mass index 22.8 ± 2.8 23.7 ± 3.5 0.289

Hypertension, % 7 (28%) 6 (17.1%) 0.314

ASA classification, %

 1 3 (12%) 6 (17.1%) 0.863

 2 21 (84%) 28 (80%)

 3 1 (4%) 1 (2.9%)

Glioblastoma characteristics

 Left, % 8 (32%) 17 (48.6%) 0.199

 Recurrence glioblas‑
toma, %

3 (12%) 5 (14.3%) 0.797

 Deep location, % 13 (52%) 12 (34.3%) 0.170

 Tumor size (cm) 4.9 ± 1.7 5.0 ± 2.3 0.937

Preoperative laboratory studies

 Hemoglobin (g/dL) 13.9 ± 1.7 13.9 ± 1.4 0.967

 Platelet count (K/μL) 248.4 ± 70.7 221.5 ± 57.0 0.107

 INR 1.03 ± 0.09 1.00 ± 0.07 0.152

 PT (s) 12.6 ± 1.1 12.1 ± 0.9 0.107

 APTT (s) 32.8 ± 6.1 33.1 ± 5.7 0.880

 BUN (mmol/L) 5.5 ± 2.2 5.0 ± 1.4 0.326

 Bilirubin (mg/dL) 7.0 ± 2.6 8.0 ± 3.5 0.233

 Albumin (g/dL) 41.7 ± 3.1 42.8 ± 3.9 0.242

 Potassium (mmol/L) 4.2 ± 0.5 4.1 ± 0.4 0.205

 Calcium (mmol/L) 2.3 ± 0.09 2.3 ± 0.1 0.411
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infarction. The discharge mortality rate has likewise no 
difference, with 1 death in each group. Hospital length of 
stay was similar between the two groups (Table 2). None 
of the complications was suggested related to ANH, 
which was reevaluated by two investigators.

Perioperative routine laboratory analysis
The intraoperative hemoglobin levels at the point of 
completing autologous blood collection in the ANH 
group decreased sharply, but the difference in intraop-
erative hemoglobin levels was not significant between the 
two groups (12.9 ± 2.1  g/dL vs 13.6 ± 1.7  g/dL, P = 0.201, 
Table 3). On postoperative day 1, there was no difference 
in routine laboratory examinations, except the serum 
hemoglobin level, which was significantly higher in ANH 
patients than that in non-ANH patients (12.7 ± 1.9  g/dL 
vs 11.6 ± 1.6 g/dL, P = 0.021, Table 3). Compared to post-
operative day 1, the average hemoglobin levels decreased 
at least 0.5 g/dL in both groups on postoperative day 3, 
and the difference remained significant with a higher 

level of hemoglobin in ANH patients (12.0 ± 1.6  g/dL 
vs 10.7 ± 1.4  g/dL, P = 0.002, Table  3). There was no dif-
ference in the postoperative circulating platelet count 
between the two groups (Table 3).

Transfusion data
A total of 15 (20%) patients received intraoperative allo-
geneic RBC transfusion, 3 in the ANH group and 12 in 
the non-ANH group, and the rate of intraoperative allo-
geneic RBC transfusion in the ANH group was about 1/3 
lower than that in the non-ANH group (3 [12%] vs 12 
[34.3%], P = 0.049, Table 3). No patient received postop-
erative allogeneic blood transfusion. A sum of 43 units of 
RBC was used in the entire cohort, 6 units in the ANH 
group and 37 units in the non-ANH group. For patients 
who received allogeneic RBC transfusion, the average 
transfusion units have no difference between the two 
groups (3.33 ± 1.15 units vs 3.08 ± 1.00 units, P = 0.771, 
Table 3). While concerning the transfusion units per total 
of patients, ANH reduced about 2.5 times the units of 

Table 2 Comparison of perioperative results

Data are mean ± SD or n (%). P values were calculated by Student’s t test, Mann–Whitney U test, chi-square test, or Fisher’s exact test, as appropriate. ANH acute 
normovolemic hemodilution, INR international normalized ratio, PT prothrombin time, APTT activated partial thromboplastin time, BUN urea nitrogen, KPS score 
Karnofsky Performance Scale

ANH (n = 25) Non-ANH (n = 35) P value

Length of surgery (min) 227.5 ± 73.2 252.8 ± 81.1 0.219

Estimated blood loss (mL) 388.0 ± 237.3 498.6 ± 392.7 0.181

Intraoperative fluid given

 Total (mL) 2556.0 ± 595.7 2726.6 ± 1179.3 0.466

 Crystalloid (mL) 1504.0 ± 422.5 1401.4 ± 511.3 0.414

 Colloid (mL) 864.0 ± 309.4 1008.6 ± 514.1 0.216

 Intraoperative urine output (mL) 934.0 ± 486.2 805.7 ± 516.9 0.335

Postoperative laboratory studies (day 1)

 Hemoglobin (g/dL) 12.7 ± 1.9 11.6 ± 1.6 0.021

 Platelet count (K/μL) 211.6 ± 58.4 193.2 ± 56.4 0.225

 INR 1.03 ± 0.084 1.02 ± 0.064 0.673

 PT (s) 11.9 ± 1.0 11.7 ± 0.7 0.476

 APTT (s) 24.3 ± 5.6 25.8 ± 4.7 0.284

 BUN (mmol/L) 5.3 ± 1.9 4.9 ± 1.6 0.370

 Bilirubin (mg/dL) 6.9 ± 1.8 7.3 ± 3.4 0.594

 Potassium (mmol/L) 4.13 ± 0.50 4.10 ± 0.44 0.764

 Calcium (mmol/L) 2.15 ± 0.10 2.12 ± 0.14 0.451

Complications

 Hematoma, % 1 (4%) 2 (5.7%) 0.764

 Intracranial infection, % 2 (8%) 4 (11.4%) 0.663

 Pulmonary infection, % 4 (16%) 2 (5.7%) 0.383

 Hydrocephalus 1 (4%) 2 (5.7%) 0.764

 Hospital length of stay (day) 17.5 ± 6.9 17.3 ± 6.2 0.936

Clinical outcome at discharge

 Unfavorable outcome (KPS score < 70), % 8 (32%) 10 (28.6%) 0.775

 Mortality, % 1 (4%) 1 (2.9%) 0.808
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allogeneic RBC transfusion per total of patients than that 
in the non-ANH group, although the difference did not 
reach significance (0.40 ± 1.15 units vs 1.06 ± 1.59 units, 
P = 0.069, Table  3). Eight patients in the ANH group 
returned the autologous blood intraoperatively because 
of the arrival of the transfusion trigger, and 5 of these 
patients did not require allogeneic RBC transfusion. 
Other patients in the ANH group reentered the autolo-
gous blood at the completion of surgery.

A total of 13 (21.7%) patients received FFP transfu-
sion in the entire cohort, 2 in the ANH group and 11 in 
the non-ANH group, and the FFP transfusion rate was 
about 1/4 lower in the ANH group than that in the non-
ANH group (2 [8%] vs 11 [31.4%], P = 0.030, Table  3). 
In total, 4850  mL of FFP was administered, 800  mL in 
ANH patients, and 4050  mL in non-ANH patients. For 
patients who received FFP transfusion, the volume of 
FFP transfusion per patient has no difference between 
the two groups (400.00 ± 141.42 mL vs 368.18 ± 95.58 mL, 
P = 0.689, Table  3). While comparing the transfusion 
volume per total of patients, the use of ANH dramati-
cally reduced the volume of FFP transfusion per total 
of patients (32.00 ± 114.46  mL vs 115.71 ± 181.00  mL, 
P = 0.033, Table 3).

For the entire cohort, the requirement of allogeneic 
RBC transfusion was significantly associated with the 
length of surgery (306.6 ± 82.7  min vs 220.8 ± 64.5  min, 

P < 0.001, Table 4), estimated blood loss (910.0 ± 333.9 mL 
vs 300.0 ± 152.6  mL, P < 0.001, Table  4), and tumor size 
(5.9 ± 1.9  mm vs 4.6 ± 2.1  mm, P = 0.034, Table  4). Age, 
gender, body mass index, preoperative hemoglobin level, 
recurrence tumor, and deep location of tumor did not 
impact the perioperative allogeneic blood transfusion 
rate (Table 4).

Discussion
Major glioblastoma resection would cause massive blood 
loss and often require perioperative blood transfusion. 
Blood shortage should be considered when arranging 
glioblastoma surgery. Allogeneic blood transfusion has 
some life-threatening risks, including immunomodu-
latory effect, coagulopathy, transfusion reaction, and 
mis-transfusion [11, 17]. Minimizing allogeneic blood 
transfusion will benefit patients and relieve the blood 
shortage.

ANH is considered as a safe and effective blood con-
servation technique [18]. First, unlike preoperative 
autologous blood donation, it is not needed to collect 
autologous blood repeatedly and save it for several days 
before surgery in the ANH group [8]. Second, intra-
operative cell salvage is another commonly used blood 
conservation technique. However, its use in malignant 
cancer resection remains controversial, since it may 
cause cancer metastasis [19]. Till now, several studies 

Table 3 Perioperative blood routine examination and transfusion data for all patients

Data are mean ± SD. P values were calculated by Student’s t test, or Mann–Whitney U test, as appropriate. ANH acute normovolemic hemodilution, RBC red blood cell, 
FFP fresh frozen plasma

ANH (n = 25) Non-ANH (n = 35) P value

Hemoglobin (g/dL)

 Preoperative 13.9 ± 1.7 13.9 ± 1.4 0.967

 Intraoperative 12.9 ± 2.1 13.6 ± 1.7 0.201

 Postoperative day 1 12.7 ± 1.9 11.6 ± 1.6 0.021

 Postoperative day 3 12.0 ± 1.6 10.7 ± 1.4 0.002

Platelet count (K/μL)

 Preoperative 248.4 ± 70.7 221.5 ± 57.0 0.107

 Postoperative day 1 211.6 ± 58.4 193.2 ± 56.4 0.225

 Postoperative day 3 202.8 ± 63.1 180.0 ± 33.7 0.108

Allogeneic RBC transfusion

 Patients, % 3 (12%) 12 (34.3%) 0.049

 Total volume (U) 6 37

 Unit per patient with transfusion (U) 3.33 ± 1.15 3.08 ± 1.00 0.711

 Unit per total of patients (U) 0.40 ± 1.15 1.06 ± 1.59 0.069

FFP transfusion

 Patients, % 2 (8%) 11 (31.4%) 0.030

 Total volume (mL) 800 4050

 Volume per patient with transfusion (mL) 400.00 ± 141.42 368.18 ± 95.58 0.689

 Volume per total of patients (mL) 32.00 ± 114.46 115.71 ± 181.00 0.033



Page 6 of 7Chen et al. Chinese Neurosurgical Journal            (2023) 9:31 

have demonstrated the safety and efficiency of ANH 
in reducing the allogeneic blood transfusion rate [8, 20, 
21]. However, the role of ANH in glioblastoma surgery 
remains unknown.

This study revealed that ANH was safe and effective 
in reducing the need for perioperative allogeneic blood 
transfusion in glioblastoma surgery. Two previous studies 
suggested that ANH was safe and did not influence the 
cerebral oxygenation parameters in brain tumor resec-
tion [22, 23]. However, these studies did not demonstrate 
the specific types of brain tumors, and more importantly, 
the role of ANH in glioblastoma surgery was not clari-
fied. Mild volume ANH was used in this study, and this 
was because ① the average estimated blood loss in our 
previous experience was about 450 mL, which was con-
sistent with previous reports (200–600  mL) [3, 24], and 
② severe ANH may cause brain damage [25]. Consistent 
with previous reports [20, 21, 26], our results showed that 
ANH dramatically reduced perioperative allogeneic RBC 
transfusion in glioblastoma surgery. Additionally, the rate 
of FFP transfusion was significantly decreased, indicating 
that ANH was effective in conserving coagulation fac-
tors. The fact that blood loss was less in the ANH group 
may be due to the potential conserving effect of coagula-
tion factors by ANH. Interestingly, the level of postopera-
tive serum hemoglobin in the ANH patients returned to 
normal more quickly and was significantly higher.

With regards to safety, ANH did not increase the spec-
trum or incidence of complications as compared with 
those in the control group, and the complication rate 
was consistent with previous reports [3, 16]. Pulmonary 
infection seemed more common in the ANH group. 
However, the pulmonary infection rate has no differ-
ence as compared with the previous report (7.1–23.3%) 
[3]. For the patients with pulmonary infection in the 
ANH group, two were associated with postoperative 
aspiration-related pneumonia, one was caused by long-
term tracheal intubation after secondary operation for 

postoperative hematoma, and one was suggested to be 
correlated with preoperative chronic pneumonia. None 
was considered as ANH-related as re-evaluated by two 
investigators. Actually, ANH reduced pulmonary infec-
tion rate in cardiac surgery and can be safely used in 
acute lung injury patients [13, 27]. Length of surgery, 
hospital length of stay, and discharge outcome have no 
difference between the two groups.

Several limitations should be considered. First, the 
sample was too small to assess the difference, and a risk 
estimation based on only 60 enrolled patients was accom-
panied by a wide variation; Further large cohort study is 
warranted. Second, the external validity of this study is 
affected by its single institution scope and its retrospec-
tive nature. Third, the acute reduction of serum hemo-
globin induced by ANH may cause harm to patients. 
However, mild ANH basically does not affect the blood 
flow stability [25].

Conclusions
We provided the first evidence that the use of mild ANH 
was safe and effective in reducing perioperative alloge-
neic blood transfusion in glioblastoma surgery. Further 
prospective large cohort study with long-term follow-up 
is warranted to confirm these findings.
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