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ABSTRACT 

Justifications: Perioperative allogeneic blood transfusion can be reduced or even completely avoided by using a set of 
different strategies: meticulous hemostasis, the use of pharmaceutical agents that assist in the process of coagulation/ 
fibrinolysis, the use of blood substitutes, induced hypotension, preoperative autologous blood donation, collection and 
reinfusion of autologous blood during the operation, as well as from acute normovolemic hemodilution (ANH). Con-
tents: ANH consists of taking a percentage of the patient’s blood volume and a concurrent infusion of acellular fluids in 
order to maintain normovolemia. As a consequence, a hemodiluted patient will lose less blood cells for each blood 
volume that is lost during the surgical procedure. The aim of this study is to clarify doubts and provide practical infor-
mation relative to the procedure of ANH through the author’s own experiences as well as literary examples. Conclu-
sions: ANH is an easy and cheap technique performed during the intraoperative period useful to reduce the use of 
hemoderivatives. 
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1. Introduction 

Acute normovolemic hemodilution (ANH) has been used 
since the 60’s and its aim is to reduce or even avoid the 
need for transfusion of homologous blood during the 
perioperative period [1-3]. It consists of withdrawing a 
percentage blood volume from the patient and simulta-
neous infusion of acellular fluids in order to maintain the 
volume. This procedure will make the patient anemic, 
although although he will remain normovolemically and 
hemodynamically stable [4]. With the exception of ex-
treme hemodilution situations, the capacity for tissue 
oxygen supply and demand will not be affected [5]. 

While there are fine meta-analysis on this subject [3,6] 
the main point of this study is to elicit common questions 
on the subject beyond provide some practical strategies 
based on recent studies and the experience of the authors. 

2. Basic Principles 

2.1. Indications and Selection of Patients  

The concept of withdrawing a percentage of blood and 
leaving the patient anemic and normovolemic, is in-
tended to minimize the loss of red blood-cells during 
surgery [1-3,6]. As the hemoglobin concentration is re-
duced through dilution, the blood that is lost during sur-
gery will contain less hemoglobin. For example: A loss 
of 1000 ml of blood during surgical procedure, from a 

patient that has a hemoglobin concentration of 14 g/dl, 
will result in a loss of 140 grams of hemoglobin; while in 
a patient who was hemodiluted to a concentration of 8 
g/dl, the loss will be 80 grams; in other words a saving of 
60 grams of hemoglobin. Upon conclusion of the surgery, 
following the period of greatest intraoperative blood loss 
or at any other critical moment, fresh autologous blood 
will be returned to the patient [4].  

ANH can be performed in any procedure that antici-
pates a large loss of blood [7]. It is more frequently per-
formed in cardiac procedures (with or without extracor-
poreal circulation); neurosurgery (tumors and aneurysms); 
orthopedics (escolioses and prosthetics); vascular (aneu-
rysms and reconstructive surgery); thoracic (pneumo- 
nectomies and lobotomies); urological (prostatectomys, 
cystectomies and nefrectomias) and general surgery 
(greater intestinal surgery and tumor resections) [8]. 

Patients that obtain the most benefit from this proce-
dure are those that have rare blood groups and young 
patients who have never been transfused [9]. Not all pa-
tients are eligible for ANH and not all surgical proce-
dures require ANH. Patients expecting low blood loss 
during surgery clearly will not benefit from this proce-
dure. Furthermore, the removal of small blood volumes 
during the hemodilution process will not result in any 
economy of autologous blood from the patient [7,8]. 

The greater the initial hematocrit level of the patient, 
the greater the volume collected for reaching the hematocrit 
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target. So, in elective surgeries, when the patient is ane-
mic, strategies for optimizing the hematocrit level should 
be utilized: erythropoietin (50 - 100 mg/kg, 3 times/week, 
via subcutaneous), ferrous sulphate (200 - 400 mg/day) 
and folic acid (0.5 - 1.0 mg/day) [10]. 

2.2. Contraindications 

The most common for ANH are severe sepsis; acute res-
piratory insufficiency; acute anuric renal insufficiency 
and hemorrhagic shock secondary to trauma. Patients 
suffering from severe coronary arterial disease should 
only be indicated after careful assessments of the risks 
and benefits of this procedure [11]. 

Patients with light degrees of anemia, renal or respira-
tory disease, history of cerebral vascular accident, con-
gestive cardiac or coronary disease need to be well clini-
cally evaluated before the indication of ANH [12]. 

2.3. Advantages 

It is not necessary to change the anesthetic technique in 
patients submitted for ANH, so it could be performed 
under locorregional anesthesia (for example, in the case 
of knee or hip prosthesis) [8]. 

Blood collected and stored in the actual operating 
theatre is rich in platelets and coagulant factors. Al-
though some studies demonstrated an increase in bleed-
ing during intraoperative, also due to the dilution of the 
platelets and coagulant factors, most of them argued that 
perfect hemostasis reestablishes itself after the infusion 
of the previously collected blood, which is rich in pro-
coagulant components. So despite the increased bleeding 
during surgery, total blood loss (during the whole pe-
rioperative period) is reduced by using this technique 
[13-15]. 

Compared with the preoperative autologous blood do-
nation (PAD), ANH has various advantages. It costs less, 
it can be performed in emergency sceneario and also in 
patients who, for religious motives, refuse hemocompo-
nent transfusions [16]. Furthermore, with PAD, one can-
not rule out the risks from conventional autologous 
transfusions (including allergic reactions and errors in the 
process of collection and storage) [17]. 

In respect to the blood cell salvage during the intraop-
erative period, ANH has the advantage of preserving 
platelets and coagulant factors. These would normally be 
lost during the process of aspirated blood filtration [18]. 
Cell salvage is more high-priced and it requires this so-
phisticated and expensive equipment and also trained 
staff to operate the machine [19,20]. 

3. Hemodilution Procedure 

3.1. Timing for Collection 

The ideal moment for making the collection is directly 

after induced anesthesia, before surgery starts, but it can 
be performed at anytime during the intraoperative period, 
before the moment of greatest blood loss [1]. The entire 
process of collection should not exceed 40 to 50 minutes 
[1,3]. 

3.2. Technique 

The blood can be collected from a vein or an artery. 
Placing a catheter 20 G in an artery will permit sufficient 
quantity of blood to be collected, as the patient’s blood 
pressure acts as a “pump”. Using the artery for collecting 
the blood has the disadvantage of not allowing invasive 
arterial pressure measurement simultaneously. This pro- 
blem can be remedied by puncturing two arteries, one to 
be used for the measurement of the arterial pressure. Al-
ternatively, if a three-way connector is used, only one 
artery will be required with intermittent monitoring of 
arterial pressure. Arterial monitoring intervals should not 
exceed three minutes. In order to collect blood from a 
vein bigger catheters are necessary (16 G or 14 G). In 
this situation, the collection happens in a passive way, by 
gravity. When available, a central venous catheter can be 
used, taking the precaution of not using this channel to 
replace liquids during collection process [1,21]. 

Bags used for the collection of blood are the equal 
from voluntary donation [5]. In conventional donations, 
the two or three satellite bags are used for blood frac-
tionation but in ANH they have no use and can be dis-
carded. At their extremities, those bags contain a cali-
brated metallic needle to collect blood but using connec-
tors between the bag and the arterious or venous site of 
collection in ANH there is no need to use the needle [1]. 

The collected blood is weighed on a conventional 
digital balance. It should be assumed that each milliliter 
of blood is equivalent to 1 (one) gram. In order to pro-
mote homogenization between the blood and the antico-
agulant, it is necessary to constantly stir the blood bag. 
This can be done manually or by an automated system. 
Each bag should contain 450 - 500 ml of blood [2,3]. 

As soon as the bag has 500 ml, it should be discon-
nected and labeled with the following information: se-
quential number of collection, name of the patient, vol-
ume of blood and the time of the collection. It should be 
stored at the ambient temperature (approximately 20˚C) 
for a maximum period of 6 hours. After this, it should be 
refrigerated at zero degrees Celsius, according to the di-
rections from the American Association of Blood Banks 
[1,4]. 

3.3. Volume to Be Collected 

The calculation of the volume to be collected is made by 
using the formula proposed by Gross, in 1983, which 
uses the following elements: BV = EBV(Htci – Htct)/ 
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hematocrit average, where: BV is the blood volume, that 
is, the volume to be collected for obtaining the required 
target hematocrit; EBV is the expected blood volume loss; 
Htci is the initial hematocrit; Htct (target hematocrit) is the 
hematocrit to be reached, and the average hematocrit is 
the arithmetical average between the initial hematocrit 
and the target hematocrit. It is estimated that the volemia 
(EBV) is from 60 to 65 ml/kg in women and 67 to 70 
ml/kg in men [22]. 

The choice of the hematocrit target depends on the sur-
gical procedure involved and the functional reserve of 
each patient. Therefore targets very close to the initial 
hematocrit level will result in a small volume of blood to 
be collected, which will frustrate the principal objective 
of the procedure that is to economize in homologous 
blood. On the other hand, hematocrit targets too distant 
from the initial level require the patient to have sufficient 
functional reserves in order to support the amount of 
fluid replacement that should be infused. As an example: 
in a male patient, weighing 90 kg and an initial hema-
tocrit of 40%, where it is intended to commence surgical 
procedure with a hematocrit of 24%, you need to collect 
approximately 3150 ml of blood. It should be pointed out 
that the collected bags will have decreasing hematocrits, 
or, the first bag collected will be richer in red blood cells 
than the following ones [3]. 

3.4. Volemic Replacement 

Acellular fluids (colloids or crystalloids) should be ad-
ministered in parallel the collection in order to maintain 
the euvolemia [3,6]. Due to escaping crystalloid fluids 
into the interstitial space after 30 to 40 minutes, the 
volume for replacing should be three times the volume 
removed, i.e. for each 1 ml of blood removed; 3 ml of 
crystalloid solution should be infused [23]. Lactated 
Ringer solution is preferably because it has a lower inci-
dence of acidosis, (a larger charge of chlorine in the sa-
line solution tends to cause hyperchloremic metabolic 
acidosis) [24,25]. Glucose solution should not be used 
due to its low plasmatic expansion properties and to its 
ability to cause cellular edema and hyperglycemia [23]. 

As a way of reducing the volume administered colloi-
dal solutions can be used. Therefore, for every 1 ml with-
drawn, it is necessary to reinfuse only 1 ml of colloidal 
solution. However, each colloidal solution has its own 
side effects or restrictions (costs, potential alergogenic 
properties, nephrotoxic and coagulation damage) [26]. 

An alternative method is to replace collected blood in 
a sequence: for a collection of 2000 ml, the first 1000 
milliliters withdrawn are replaced with colloid solutions 
in the proportion of 1:1 and the remaining 1000 ml will 
be replaced in the proportion of 2000 ml of crystalloid 
solution (2:1). Therefore, the patient will receive 3000 ml 
of volume for replacing instead of 6000 ml, if the re-

placement was made exclusively with crystalloids. 
The use of hypertonic solution 7.5% as a replacement 

fluid had recent been suggested by this authors. Half of 
the volume collected being replaced by conventional 
crystalloid solutions and the other half with a fixed value 
of 4 ml/kg of 7.5% saline solution [27]. The 7.5% solu-
tion can compensate the increasing of fluid in the ex-
travascular compartment, returning it intra-vascularly 
and reducing the edema in the patient [28]. In an still 
experimental but hypertonic solution demonstrated po-
tential benefit in regulating the inflammatory response, 
improving signal transduction and alleviating cytotoxic 
response [29,30].  

During the intraoperative period other losses (insensi-
tive, fasting and diuresis) should be replaced as habitu-
ally [5]. 

3.5. Safety Margin during the Intraoperative  
Period 

Basic hemodynamic parameters should be monitored 
during the performance of ANH [31]. The utilization of 
invasive arterial pressure measurement is of great assis-
tance, during both collection and surgical procedure. 
Furthermore, an arterial catheter provides sequential 
laboratory exams when necessary. A central venous ca- 
theter is desirable, but not obligatory. More invasive 
monitoring, such as transesofagic ecocardiography, meas- 
urement of the pulmonary arterial pressure or of cardiac 
debit should be reserved for patients with a low cardiac 
reserve [31]. 

Although the blood is stored in the operating theatre 
and available for immediate use, it is necessary to estab-
lish a safety margin. After collecting the blood, a red 
blood cell (erythrocyte) and hematocrit count should be 
performed, as well as arterial and venous gasometry and 
the dosage of plasma lactate [3]. 

The lactate should remain below 2 - 3 mg/dl. In case 
of increased plasma lactate hypovolemia should be sus-
pected and treat initially with fluids. If it does not return 
to base values or in case of hemodynamic instability or 
other signs of tissue suffering, one collection bag should 
be reinfused and new exams requested (plasma lactate or 
mixed venous saturation, in case a central line is avail-
able) [12]. 

3.6. Replacing the Collected Blood  

Choosing the correct time for reinfusion is one of the 
determining aspects of ANH efficiency for economizing 
homologous blood [32]. The replacement of the blood 
should be dictated by both surgical and patient conditions. 
In case of uncontrollable hemorrhage, replacing the col-
lected blood during the ANH process will be necessary 
before completion of the surgery. In case of very light 
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continual losses, it is possible for the replacement to be 
made only in the end of surgery. Patients under cardiac 
surgery with extracorporeal circulation are potentially 
benefitted when the blood is replaced after protamine 
[33]. 

In some spetial cases when large amount of bleeding is 
expected in postoperative period (thoracic drains, for 
example), blood can be storaged and reinfused in the 
postanesthesia recuperation room or whilst in the inten-
sive care unit.  

In ANH is not necessary to use equipment fitted with 
filters, so that there is no wastage of platelets [34]. 

If the patient shows symptoms of hypervolemia fol-
lowing reinfusion, it may be necessary to give an infu-
sion of diuretics (furosemide 0.5 - 2 mg/kg) [12].  

During the collection process of ANH, each subse-
quent unit will be progressively more and more diluted. 
Therefore, at the time of reinfusion, it is recommended 
that the last unit collected will be the first to be replaced 
[3]. 

3.7. Costs 

When performing an ANH procedure, bags for blood 
collection are necessary (approximately US $8.00 each), 
three-way infusion devices (US $1.00, each), equipment 
common to both (US $0.30, each) and additional labora-
tory exams (costs vary for each hospital) [19]. In Brazil, 
the collection bags can be requested directly from the 
Hemocenters in each state or they can be easily pur-
chased, from various pharmaceutical Industrial sites on 
net. 

Meta-analysis used to evaluate alternative techniques 
(PAD, ANH and cell salvage) concluded that ANH is the 
cheapest strategy and most cost effective among all the 
options, as this procedure is cheaper than the transfusion 
of a bag of homologous blood [19]. 

3.8. Utilization in Patients That Refuse Blood 
Transfusions 

When ANH is performed with patients who have restric-
tions on receiving blood transfusions for religious rea-
sons, in the case of a Jehovah’s Witness for example, a 
closed circuit system should be prepared, and some 
modifications are necessary [35-37]. 

The system for collecting and reinfusion of blood 
should be maintained permanently connected to the pa-
tient’s intra-vascular compartment. 

The collection bags should be pre-connected to the 
venous channel, through a series of three way connectors 
(“little taps”). 

As soon as the collection bag is full the connector 
should be filled with acellular fluids, to avoid coagula-
tion. 

The bags containing whole blood should remain on a 
slow drip in order to ensure a continuous flow into the 
patient. 

In case the blood is not fully administered during the 
surgical procedure, the patient and family should be kept 
informed about the character of any blood administered 
post-operatively. 

3.9. Problems, Pitfalls and Controversies 

It is really challenging to the anesthesiologist to perform 
ANH in the same time as the surgery is taking place, 
with all its potential critical tasks [33]. 

Hemodynamic repercussions can occur in case collec-
tions are made too quickly (less than 15 minutes), such as 
hypotension and/or taquicardia. Patients with coronary 
diseases are unable to tolerate ANH and show symptoms 
of cardiac ischemia during the process of collection or 
reinfusion of blood, due to temporary hypervolemia [12]. 

The blood should remain under the direct control of 
the anesthesiologist throughout the process and in no 
circunstance should it be sent to the blood bank without 
his expressed knowledge or indication [3]. 

ANH is an alternative therapy to blood transfusion, but 
it is surrounded by countless controversies [31], espe-
cially with regards to the safety of iatrogenic production 
of the anemic condition, although that study has been 
unable to detect any evidence of inadequate oxygen sup-
ply in volunteers submitted to hemoglobin concentrations 
of 5 g/dl, as well as in oxygen supply as low as 7.3 ml 
O2/kg/min [38]. 

In relation to hemorrhagic diathesis, such as coagula-
tion factors being sequestered for the collection bags, it is 
reasonable to suppose that the patient presents tendencies 
for bleeding [8]. However, meta-analysis demonstrated 
that there was no increase in bleeding until the concen-
tration coagulation factors decreased to 20% of their 
original value [7]. Thrombocytopenia and dilutional hy-
perfibrinogenemia can even occur but in general the 
process of ANH encourages a pro-coagulant effect [18]. 

The effectiveness of ANH can be examined in terms of 
their results, obtained through theoretical calculations in 
relation to the volume of blood “saved” [31,39]; reducing 
the need for allogenic transfusions [40], as well as in the 
maximum permitted blood loss [39]. The blood volume 
saved can be calculated through mathematical models 
using known and variable parameters. Some of these 
studies concluded that the benefit was only modest [31], 
whilst others considered the effectiveness of ANH to be 
significant, bearing in mind that the transfusional “trig-
ger” will always be based on a clinical and not on a nu-
merical evaluation [39,41]. 

Since the 70’s, more than 250 studies on ANH have 
been published. Most of them concluded that ANH can 
be beneficial in avoiding transfusion or in reducing the 
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amount transfused. However, some studies were unable 
to demonstrate the benefits of using this procedure; this 
was probably due to differences in the study design, ran-
domization, in the quantity of blood collected or in the 
uniformity of the criteria used for blood reinfusion or 
alogenic transfusion. 

4. Final Considerations  

ANH is underused, because it is very often misunder-
stood. Its ability as a blood conservation therapy is di-
rectly related to the amount of blood that we are able to 
collect from the patient, i.e. the greater the volume col-
lected, the greater the effectiveness of ANH [42]. 

As this procedure is performed in a predominantly 
manual manner and requires constant vigilance, many 
anesthesiologists are not very motivated to use this pro-
cedure, due to the additional work required. However, 
with frequent use, they will familiarize themselves with 
the technique and can realize the true benefits of its 
utilization [42]. 
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