
Introduction

Surgery for spinal deformities or degenerative lumbar dis-
ease may be associated with blood loss ranging from 30%
to 100% of the patient’s total blood volume [18, 26, 68,
79, 85, 87]. This loss of blood is related to the complexity
of the procedure, duration of surgery, number of fused

levels, anaesthetic technique and the patient’s comorbid
conditions [18, 26, 68, 76, 79, 85, 87]. Extensive bleeding
may lead to rapid fatal consequences and to risks associ-
ated with allogenic blood transfusion [4, 8, 36, 40, 81].
Measures should be taken to minimise these risks [18, 26,
50, 58, 64, 65, 66, 68, 79].

Over the last 30 years, considerable efforts have been
made to develop new blood-conservation strategies that
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will avoid allogenic transfusion. The most common in-
clude drug therapy (desmopressin [2, 58], aprotinin [25,
85], tranexamic acid [27, 65], hypotensive anaesthesia
[59, 83], and autotransfusion techniques, such as normo-
volemic acute hemodilution [14, 19, 56, 67], perioperative
salvage [3, 28, 56], postoperative salvage and autologous
blood donation (ABD) [39, 49, 57, 64, 80, 88]. During the
1990s a new drug, recombinant human erythropoietin
(rHuEPO), was added to the repertory of blood-conserva-
tion techniques [6, 9, 32, 33, 73]. This hormone plays a
major role in patients undergoing elective surgery in which
moderate or profuse blood loss is expected [22, 48, 74].
However, despite its approval for this purpose more than
3 years ago, very little information is available on its ef-
fectiveness in elective spine surgery [76, 77, 79, 86].

Erythropoietin

Erythropoietin (EPO) is a hormone that regulates erythro-
poiesis, acting on erythroid-colony-forming units by stim-
ulating progenitor cell differentiation in the bone marrow.
EPO accelerates maturation of proerythroblasts to reticu-
locytes, stimulates the synthesis of haemoglobin (Hb), and
promotes the release of reticulocytes to the circulation and
their differentiation into mature red blood cells [10, 20].

Erythropoietin is a 165-amino-acid glycoprotein with a
molecular weight of 30,400 dalton. Approximately 90% is
produced in the interstitial peritubular cells of the kidney.
Normal plasma levels range 5–30 mU/ml and are regu-
lated by tissue hypoxia and the various factors that influ-
ence oxygen availability in peripheral tissues [10, 20].
The human gene for erythropoietin is present as a single
copy on chromosome 7 (q11–q22) and is comprised of 
5 exons (582 base pairs) [10, 20, 48].

Recombinant human erythropoietin (rHuEPO) is a bio-
synthetic form of the natural hormone having the same
biochemical structure and biological effect [12, 13, 20].
There are two types of rHuEPO: the alpha type and the
beta type, presented in lyophilised form and reconstituted
with saline solution [12, 13, 73].

Erythropoietin in surgery

Based on its success in the treatment of anaemia associ-
ated with chronic renal failure and chemotherapy [45, 52,
60], rHuEPO was contemplated for use in surgical pa-
tients to elevate preoperative haemoglobin values and fa-
cilitate the predeposit of autologous blood, thereby de-
creasing the need for allogenic blood transfusions. This
hypothesis was confirmed in several studies involving or-
thopaedic surgery, [9, 16, 22, 23, 30, 53, 74], and this led
to the registration of rHuEPO for clinical practice in Spain
in October, 2000. It is now also used in cardiac, prostate
and oncologic surgery for this purpose [52, 71, 73].

Dosing

Recombinant human erythropoietin can be administered
intravenously or subcutaneously. It reaches peak plasma
concentration faster by the intravenous route, although the
half-life is shorter (5–10 h) [73]. Availability is lower with
subcutaneous administration, but the half-life is longer
(12–18 h) [73], and this route is usually recommended for
the management of perioperative anaemia [12, 13, 48, 73].

Initially, the recommended dose was 300 IU/kg/day dur-
ing 15 days [15]. However, Goldberg et al. [30] demon-
strated that a weekly dose of 600 IU/kg starting 3 weeks
before the procedure achieved a higher increase in haemo-
globin (1.44g/dl vs 0.73 g/dl) with comparable safety and
efficacy, and lower cost.

Current recommended dosage is 600 IU/kg of subcuta-
neous rHuEPO weekly, given over 3 weeks (days 21, 14,
and 7 before the surgical procedure) and on the day of sur-
gery. In practice, administration of a 40,000 IU vial weekly
is recommended in adults with a mean weight of around
65 kg. The 40,000 IU dose is authorised exclusively for
preoperative rHuEPO treatment. When haemoglobin lev-
els reach 15 g/dl at any of the preoperative analyses,
rHuEPO administration is interrupted indefinitely [6, 12,
13, 22, 23, 48, 82].

The dosing regimen for patients in the ABD program is
somewhat different. Recommended dosage in these pa-
tients is 600 IU/kg (or a 40,000 IU vial), twice a week dur-
ing the period that blood is being collected [5, 22, 23,24,
30, 41, 74, 82]. Again, when haemoglobin reaches levels
above 15 g/dl, the dose is not administered.

Blood levels of ferritin, folic acid and vitamin B12 should
be checked before initiating rHuEPO therapy. When con-
centrations of these blood components are low, additional
treatment to recover adequate levels is essential before 
administration of rHuEPO. Oral administration of 200–
300 mg/day of iron is necessary to compensate for the ex-
penditure of ferritin reserves, due to the increasing eryth-
rocyte mass in response to rHuEPO [6, 22, 51]. If possi-
ble, iron supplementation should be started at least 1 month
before rHuEPO therapy to achieve adequate reserves and
assure the efficacy of the hormone [29, 73].

Side effects

Recombinant human erythropoietin is considered to be a
safe drug, although some side effects, such as headache,
flu-like states and higher blood pressure levels in hyper-
tensive patients have been observed [13, 21, 35].

Hemostasis studies in patients treated with rHuEPO have
demonstrated a minimum effect on the coagulation cas-
cade. No changes have been found in thrombin time, pro-
thrombin time or activated partial thromboplastin time. 
A transient increase in platelet values, without exceeding
normal limits, has been described [16, 31, 35].
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With regard to increases in blood viscosity as the haema-
tocrit rises, most authors agree that there is only a risk
when the haematocrit exceeds 51% [13, 16, 31, 35, 51].
Analysis of the rHuEPO safety profile in 619 patients
treated before orthopaedic surgery showed that the use of
this hormone does not increase the risk of thromboem-
bolic events [16, 31, 82].

Role of rHuEPO 
in preoperative autologous blood donation

Increasing awareness of the risks linked with transfusion
of allogenic blood products has led to much more wide-
spread use of preoperative autologous blood donation [72].
Nevertheless, ABD may involve certain problems inher-
ent to the process, such as anaemia or adverse reactions on
the part of the patient during donation, wastage of blood
units due to delayed surgery, or clerical errors in blood la-
belling and storage [1, 4, 38, 74, 84]. Moreover, in certain
circumstances it may be difficult to collect sufficient
blood to cover the estimated loss during surgery [7, 17,
41, 43, 48, 70].

Even with the availability of anticoagulant preserva-
tion solutions, it is still necessary to perform blood with-
drawal within a maximum of 42 days before the opera-
tion. For this reason, a considerable percentage of patients
following an ABD program reach surgery with a lower
haemoglobin value than when they entered the program
[1, 37, 39, 42, 46, 61, 63], and when this value is signifi-
cantly lower, their transfusion requirements increase [7,
11, 33, 43, 44, 48].

The interval between donations should not be less than
3 days, and the final collection should be performed at least
72 h before the operation [38, 72]. Patients with a moderate
degree of anaemia (Hb 10–13 g/dl) and requiring a prede-
posit of more than 4 units will have serious difficulties pro-
viding sufficient autologous blood [17, 42, 46, 61, 62].
Erythropoiesis stimulation with rHuEPO can be very bene-
ficial in these patients [17, 23, 41, 61, 71, 72, 84].

Since 1998, 250 patients have participated in the pro-
gram of blood-sparing techniques in our spinal surgery
unit. Candidates for this program include all patients un-

dergoing spinal surgery whose expected blood loss is
greater than or equal to 20% of their total blood volume
and who have no contraindications for ABD. The exclu-
sion criteria are urgent surgery, or predicted perioperative
blood loss of less than 20% of the total volume. Approval
of rHuEPO use in October 2000 resulted in changes in the
treatment protocols for patients included in the program.

The 114 patients participating between 1998 and 2000
(group 1), 39 men and 75 women, were managed with
ABD exclusively. The large majority had scoliosis or de-
generative lumbar disease. Between 2001 and 2002, 136
patients were included in the program. These were divided
into two groups according to their preoperative diagnosis
and expected blood loss. Group 2 included 88 patients, 
31 men and 57 women, with multilevel (two or more lum-
bar segments) degenerative lumbar disease and an expected
perioperative blood loss of around 50% of the total volume.
Group 3 comprised 48 patients, 10 men and 38 women,
with idiopathic or degenerative adult scoliosis, or com-
plex adult deformities and an expected blood loss of
nearly 100% of the total volume. Demographic data from
these groups are detailed in Table 1.

All patients followed a standard ABD program consist-
ing of serial blood collection every 7 days (provided that
haemoglobin levels remained above 10 g/dl) and 525 mg of
ferric sulphate 3 times daily, starting approximately 2 months
before surgery. Groups 2 and 3 additionally received sub-
cutaneous rHuEPO at a dose of 40,000 IU, according to
the above-described dosing regimen.

The baseline haemogram showed no major differences
among the patient populations, although baseline haemo-
globin levels were slightly higher in group 1 than in
groups 2 and 3. A gradual decrease in haemoglobin was ob-
served in group 1 as patients underwent serial blood col-
lection (Table 2). In groups 2 and 3, haemoglobin levels
remained constant at around 12.5 g/dl after the second col-
lection and up to the day of surgery. The effect of rHuEPO
on haemoglobin levels and the haematocrit in the three
groups is shown in Figures 1a and 1b.

Table 3 summarises the proportion of patients meeting
ABD previsions for each study group. The percentage of
patients able to donate the anticipated required units was
83.9% in group 1, 100% in group 2 and 98% in group 3.
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Table 1 Demographic data 
for the three study groups 
(w women; m men; ASA num-
ber of patients in each of the
ASA classifications). Values
for age, weight and height are
expressed as mean and range

Group 1 Group 2 Group 3

Number of patients 114 88 48
Sex 75 w/39 m 57 w/31 m 38 w/10 m
Age (years) 31.48 43.3 32.75

(21–72) (19–73) (18–64)
Weight (kg) 61.52 69.1 62.76

(40–89) (47–103) (45–94)
Height (cm) 157.3 163 163.1

(148–174) (146–184) (140–190)
ASA (I, II, III) I, 68 / II, 46 I, 28 / II, 59 / III, 1 I, 18 / II, 30
Condition Degenerative & deformity Degenerative (≥2 levels) Adult deformity
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Recombinant human erythropoietin administration re-
sulted in a higher number of donated autologous blood
units (Tables 4 and 6), with a mean of 1.57 units per pa-
tient in group 1, 2.96 units per patient in group 2 and 4.19
units per patient in group 3 (Table 6). In groups 2 and 3

Table 2 Effect of erythropoietin on haemoglobin recovery during
preoperative blood collection in ABD program

Group 1 Group 2 Group 3
ABD alone ABD+ EPO ABD+EPO

*Hb before 1st ABD 14.05 13.9 13.6
*Hb before 2nd ABD 12.39 12.59 12.38
*Hb before 3rd ABD 11.54 12.51 12.21
*Hb before 4th ABD 10.83 12.52 12.58
*Hb before 5th ABD 10.20 12.26 12.55
*Hb day of surgery 11.07 12.42 12.01
**Hb day of surgery  11.08 12.48 12.12
when ≤5 ABD

*Haemoglobin concentration (Hb, g/dl) was evaluated before start-
ing ABD. **Haemoglobin was also analysed on the day of surgery
for patients who had five or fewer collections (≤5)

Fig. 1 Haemogram values during the study. Haemoglobin a and
haematocrit b were determined at the beginning of the study (base-
line), before each rHuEPO administration and/or ABD and on the
day of surgery. Groups 2 (E) and 3 (K) underwent up to five ABD
and five rHuEPO administrations; and group 1 (S) underwent
ABD only

Table 3 Predicted ABD requirements. Results are expressed as
the percentage of patients in each group able or unable to complete
ABD program

Group 1 Group 2 Group 3

Unable to complete ABD program 6.3 0 2
Able to complete ABD program 83.9 100 98
Nº of patients 114 88 48

Table 4 ABD units in the study groups: the number and percent-
age of patients giving 0, 2, 3, 4 or 5 ABD units

Groups

1 2–3

ABD unit nº 0.00 N 0 1
% 0 1.0

2.00 N 15 12
% 13.4 12.2

3.00 N 55 36
% 49.1 36.7

4.00 N 40 31
% 35.7 31.6

5.00 N 2 18
% 1.8 18.4

Total N 114 136
% 100.0 100.0

Table 5 Operative bleeding. Results expressed in mean and range

Group 1 Group 2 Group 3

Duration (min) of surgery 372 296 548
180–930 120–720 300–1,020

Perioperative bleeding (ml) 950 1,062 1,710
250–4,800 300–3,500 400–5,450

Postoperative bleeding (ml) 909 719 1,629
160–2,860 50–2,060 70–12,180

Total bleeding (ml) 1,862 1,793 3,408
500–7755 390–4,820 470–16,180

Table 6 Transfusion requirements

Group 1 Group 2 Group 3

*No. donation units  180 260 197
in ABD program (1.57 u/p) (2.93 u/p) (4.19 u/p)
*No. allogenic units  23 units 5 units 26 units
(effectiveness) (14 patients) (2 patients) (7 patients)

87.72% 97.73% 85.42
No. unused autologous  35 units 45 units 16 units
units (waste) (19.44%) (17.30%) (8.2%)

80.56% 82.7% 91.8%
**Erythropoietin units  0 3.28 4.75
administered

*Values for the number of donation units and the number of allo-
genic units are given as the sum of all units. The numbers in paren-
theses correspond to the patients receiving or donating these units
**Erythropoietin units expressed in means
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(ABD plus EPO), 50% of patients gave more than 3 units,
whereas only 37.5% of patients in group 1 (ABD alone) were
able to donate more than 3 units (Table 4). In group 3,
which included patients with complex spinal deformities,
expected blood loss of nearly 100% of total volume, and
actual average blood loss of 3,408 cc (Table 5), 5 units
were obtained in 18.4% of patients. This meant that 24 pa-
tients (50%) arrived at surgery with the anticipated cover-
age. In contrast, only 1.8% of patients in group 1 were
able to provide 5 units.

In terms of effectiveness and waste, rHuEPO provides
evident advantages in blood-sparing programs. First, it in-
creases the efficacy of ABD by reducing the number of al-
logenic blood units required. With a similar mean blood
loss in groups 1 and 2 (Table 5), transfusion of allogenic
blood was necessary in 14 patients in group 1 (12.28%)
and only two patients in group 2 (2.27%) (Table 6). Only
seven patients (14.58%) in group 3 required allogenic
blood, even though two of these seven patients had with-
drawn from rHuEPO treatment during the study. A third
patient in this group suffered a major complication during
surgery (massive bleeding from vascular injury and loss
of 16 l of blood). Excluding these three exceptional cases,
the efficacy of ABD plus rHuEPO in this complex group
would be 91.7%.

Autologous blood-donation waste, reflected in the
number of non-transfused autologous blood units, was 
16 ABD units in group 3 (8.12%), 45 ABD units
(17.30%) in group 2 and 35 units (19.44%) in group 1
(Table 6).

Some of the patients in the program did not receive all
of the rHuEPO anticipated, since their haemoglobin values
exceeded 15 g/dl. In addition, the mean rHuEPO doses
administered in both the treated groups were lower than
those recommended [31]. In group 2, with a mean of 
2.96 ABD units per patient, mean rHuEPO received was
3.28 doses per patient. In group 3, with 4.19 ABD units
per patient, the number of rHuEPO doses was 4.75.

No adverse events were recorded in any of the patients
receiving rHuEPO. Two patients from group 3 decided to
stop rHuEPO treatment after the second blood collection,
one because she was not convinced of the efficacy of this
measure and the other because of general fatigue.

On the fifth postoperative day and at hospital discharge,
all the patients studied presented haemoglobin levels and
haematocrit within the normal range (Figures 2a and 2b).

Role of preoperative rHuEPO in elective surgery 
as the only blood-sparing technique

Various clinical trials have assessed the usefulness of
rHuEPO as the only blood-sparing technique used in elec-
tive orthopaedic surgery (other than spine surgery) [15,
23, 24, 30, 55, 74, 82]. In several randomised, placebo-
controlled trials, preoperative rHuEPO administration sig-
nificantly reduced transfusion requirements. Treated pa-
tients present higher haemoglobin levels than controls on
the day of surgery. This effect is evident in procedures
where blood loss is expected to be approximately 30% of
the patient’s total calculated volume [23, 53, 55, 74, 78].
Generally, this degree of blood loss is typical in primary,
unilateral hip or knee arthroplasty.

A number of clinical trials [15, 22, 23, 24, 30, 31] have
been conducted to determine the ideal preoperative dosing
regimen for rHuEPO and the type of patient that can most
benefit from this treatment. These studies included a total
of 824 patients undergoing scheduled orthopaedic sur-
gery, mainly arthroplasty of the hip, knee or shoulder, in
which moderate blood loss (900–1800 ml or 25%–30% of
total volume) was anticipated. Two different doses of
rHuEPO (100 IU/kg or 300 IU/kg, subcutaneously) were
used, beginning administration 10 days before surgery and
ending 4 days after (15 doses) [15, 22, 23, 24, 30, 31].

The results of these studies suggest that a preoperative
haemoglobin value greater than 13 g/dl is a good indicator
that transfusion will not be needed [24]. Patients with haemo-
globin levels of 10 to 13 g/dl at the beginning of treatment
benefit the most from the effect of rHuEPO, with reduc-
tions in allogenic transfusions of 50% to 70% [15, 30, 31,
69]. In moderately anaemic patients approaching sched-
uled orthopaedic surgery, rHuEPO as a first-line treatment
is well-tolerated and is associated with a shorter hospital
stay [15]. As mentioned above, the recommended regi-
men nowadays is four doses of 600 IU/kg/week, beginning
3 weeks before surgery [31].

Fig. 2 Haemogram values after surgery. Follow-up of haemoglo-
bin levels and haematocrit was done on a day 5 after surgery and
b on the day of hospital discharge. White bars indicate group 1,
dotted bars group 2 and black bars group 3. Haemoglobin values
are given as g/dl and haematocrit as %



Using this dosing schedule, Stowell et al. [82] per-
formed an open, randomised, multicenter study with par-
allel groups comparing the safety and efficacy of rHuEPO
treatment (600 IU/kg on days –21, –14, –7 and 0) with
that of standard ABD (2 predonated units). The study in-
cluded 490 patients scheduled for total hip or knee arthro-
plasty, with baseline haemoglobin values of 10 to 13 g/dl.
Haemoglobin levels over the entire preoperative period
were higher in the rHuEPO group than in the ABD group.
Mean haemoglobin values on the day of surgery were
13.8 g/dl in the patients receiving rHuEPO and 11.1 g/dl in
the ABD patients. These differences resulted in a lower to-
tal transfusion rate (12.9% in rHuEPO vs 74.4% in ABD)
and a lower rate of allogenic blood transfusion (12.9% in
rHuEPO vs 19.2% in ABD). These data suggest that in
patients with haemoglobin values greater than 13 g/dl, this
type of surgery can be performed with lower transfusion
requirements.

This technique has been applied in orthopaedic surgery
in which the typical bleeding risk is around 30% of the to-
tal blood volume [24, 30, 33, 70, 82]. The characteristics
of this type of surgery are similar to those of lumbosacral
procedures.

Table 6 shows that there is a high percentage of wasted
units of autologous blood in groups 1 and 2 of our series
(19.4% and 17.3%, respectively). These two groups (par-
ticularly group 2) are comprised of patients who under-
went lumbosacral surgery with blood losses (1,862 cc for
group 1 and 1,793 cc for group 2) of around 30% of the
total volume. We hypothesised that this type of patient
could be managed without ABD, if haemoglobin values
were above 13 g/dl at the day of surgery.

To investigate this idea we designed a case-control
study comparing rHuEPO administration with ABD as
single blood-sparing approaches in patients undergoing
lumbosacral surgery, with expected blood losses of 30%
of the total blood volume. The study included 20 patients
scheduled for surgery to treat degenerative lumbar spine
disease. Ten patients (EPO group) received treatment with
40,000 IU of rHuEPO in four separate doses given 21, 14
and 7 days before surgery and on the day of surgery. Data
from these patients were cross-matched with data from
patients managed with ABD alone (ABD Group). We
identified 10 patients with diagnoses and surgical proce-
dures similar to those of the EPO group, from whom an
average of 2.8 units of autologous blood had been retrieved
preoperatively.

As is shown in Table 7, the duration and type of sur-
gery were similar in the two groups (p=0.1), although pe-
rioperative blood loss was significantly higher (p=0.03) in
those who received rHuEPO. Baseline haemoglobin val-
ues were also comparable in the two groups (EPO group’s
12.9 g/dl vs ABD group’s 13.05 g/dl, p>0.1). Neverthe-
less, whereas in the EPO group haemoglobin had in-
creased to 14.2 g/dl on the day of surgery, in the ABD pa-
tients haemoglobin had dropped to 10.7 g/dl (p=0.004).

Haemoglobin levels on the day after surgery were still
higher in the EPO group (11.9 g/dl vs 8.8 g/dl, p=0.005),
but similar values were recorded on discharge from the
hospital (EPO group’s 11.1 g/dl vs ABD group’s 11.1 g/dl,
p>0.1). None of the patients in either group required allo-
genic blood transfusion.

In summary, the group treated with rHuEPO presented
higher preoperative haemoglobin levels than those of the
ABD group. Despite significantly greater intraoperative
bleeding, none of the rHuEPO patients required allogenic
blood transfusions and, upon discharge, haemoglobin lev-
els were similar to those of the ABD group. Our results
suggest that lumbosacral surgery with estimated blood
losses lower than 30% of total blood volume can be per-
formed without the need for allogenic blood if preopera-
tive haemoglobin concentrations are higher than 13 g/dl.
Recombinant human erythropoietin therapy is a safe, ef-
fective method to reach these levels.

Discussion

Autologous blood donation has become the gold standard
for blood conservation in elective spine surgery. Never-
theless, this technique has some limitations, one of the most
important being the anaemia caused by repeated blood
collection, which can limit the number of units recovered
and, in some cases, lead to clearly insufficient haemoglo-
bin levels at the time of surgery [38, 41, 43, 47, 48, 57,
64]. Addition of rHuEPO therapy to the predonation pro-
gram allows patients to undergo surgery with haemoglo-
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Table 7 Demographic and operative parameters from the case-
control study for EPO/ABD (w women; m men; PSFI posterior
spinal fusion with instrumentation; PLIF posterolateral interbody
fusion)

EPO ABD

Sex 8 w/2 m 7 w/3 m
*Age (years) 51.5 39.3

(39–66) (26–51)
Type of surgery PSFI 11 PSFI 12

PLIF 8 PLIF 8
Hb baseline (g/dl) 12.9 13.05
**EPO units administered 3.1 units/patient 0
**ABD units 0 2.8 units/patient
Hb day of surgery (g/dl) 14.2 10.7
**Surgery duration (min) 3 h 12 min 3 h 29 min
***Total bleeding (ml) 1,176±360.1 814.2±307.5
Allogenic transfusion 0 0
Hb at discharge (g/dl) 11.1 11.1
Days hospitalisation 9.2 9

*Age is expressed as mean and range
**Values for EPO administration, ABD units and surgery duration
are expressed as means
***Data for total bleeding are expressed as the mean±standard 
error
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bin levels and haematocrit similar to those present before
starting the program [74, 77, 79, 86]. Blood retrieval is
not recommended in patients with haemoglobin levels
lower than 11 g/dl. By maintaining adequate haemoglobin
concentrations during repeated blood collection, it is pos-
sible to reduce the interval between donations and retrieve
a larger number of autologous blood units, thereby cover-
ing the predicted requirements [17, 22, 23, 41, 50, 61].
The fact that patients approach surgery with high levels of
haemoglobin despite autologous donation reduces trans-
fusion requirements and confers important benefits with
regard to postoperative recovery [23, 24, 69, 70, 71].

Blood management is most difficult in adult patients
with complex deformities requiring very aggressive surgery
with circumferential approaches and long spinal instru-
mentation. These patients, comprising group 3 of our se-
ries, can present blood losses equal to their total blood
volume [79, 85]. Shapiro et al. [79] published a randomised
controlled trial analysing the effect of rHuEPO treatment
on patients in an ABD program. The patients had been
scheduled for complex spinal reconstruction and were
very similar to the patients in group 3 of our series in
terms of type and duration of surgery, blood loss and
number of days of hospitalisation. All those in the group
treated with rHuEPO were able to comply with the fore-
seen perioperative autotransfusions, as compared to 78%
of patients in the control group. Moreover, only 24% of
patients receiving rHuEPO required allogenic transfu-
sions, as compared to 83% in the control group. Our ex-
perience yielded findings similar to those reported in this
study. In our complex patients, 98% complied with ABD
estimations and only 14.6% required allogenic blood trans-
fusion.

In patients with less aggressive surgery (group 2) and a
predicted blood loss of around 50% of total volume,
nearly 97% did not require allogenic transfusions when
rHuEPO treatment was associated with the ABD pro-
gram. However, a significant percentage of autologous
donation units were not used (17.3%) in this group,
whereas only 8.2% of donated units went wasted in the
complex surgery group. Typically, 10% to 25% of autolo-
gous blood units are wasted in less aggressive surgery [32,
33, 34, 36, 47, 64, 81, 84].

The total recommended rHuEPO dose for ABD sup-
port is 3,600 IU/kg [31, 70, 82]. Our results show, how-
ever, that equally satisfactory results are obtained with lower
doses: Group 2 received a total of around 1,900 IU/kg and
group 3 received 2,800 IU/kg. Our data concur with those
of Lee et al. [54], who reported improved performance in
the ABD program (3 predeposit units) with administration
of 1,200 to 1,500 IU/kg to patients scheduled for lum-

bosacral surgery. We believe it is advisable to adjust the
total rHuEPO dose according to the haemogram. The total
recommended dose can be decreased while maintaining
the efficacy of the treatment. This will reduce the high cost
of rHuEPO use, which is one of the disadvantages of this
therapy.

In lumbar surgery with blood loss at around 30% of the
total volume, the use of blood conservation strategies is
questionable. Systematic application of ABD will lead to
a high rate of wasted blood units, since it is difficult to es-
timate the autotransfusion requirements. Our results sug-
gest that surgery in these patients can be carried out with-
out recurring to transfusion, when the patient’s haemoglo-
bin levels on the day of surgery are greater than 13 g/dl.
This type of surgery would be equivalent to other or-
thopaedic techniques [6, 22, 24, 30, 70]. With rHuEPO
administration, the required haemoglobin levels can be at-
tained quickly and safely.

There were no adverse incidents associated with rHuEPO
administration in our series. The high level of satisfaction
indicated by the patients during the entire process was re-
markable and contrasted with the discomfort associated
with repeated blood collection. However, it is important
that rHuEPO administration be individualised. Periodic
haemograms must be performed to monitor both the
haemoglobin levels and the haematocrit. The earliest re-
sponse showing the effectiveness of rHuEPO administra-
tion is an increase in the number of reticulocytes, occur-
ring between day 3 and day 10. The treatment should be
withdrawn if haemoglobin levels exceed 15 g/dl [22, 30,
48]. This was the case in three out of ten patients who re-
ceived treatment with rHuEPO alone, without ABD.

We conclude that surgery involving blood losses under
30% of the patient’s total volume can be accomplished
without the need for allogenic transfusion, if the baseline
haemoglobin level is greater than 13 g/dl. Recombinant
human erythropoietin administration is very effective for
attaining this level and can be used as the only blood-spar-
ing technique in these patients.

When the expected blood loss is around 50% of the to-
tal volume, ABD is the standard technique applied. Addition
of rHuEPO to ABD in these patients improves haemo-
globin levels and facilitates retrieval of the autologous
blood units required. This combination can avoid allo-
genic transfusion in 95% of the patients.

When surgery is associated with a predicted blood loss
close to the patient’s total blood volume, the combined
blood-sparing technique should always be used. Despite
the complexity and aggressiveness of the procedure, with
the combination of ABD and rHuEPO, more than 80% of
the patients operated will not require allogenic transfusions.
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