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Abstract

Background The requirement of blood in the surgery of
degenerative conditions of lumbar spine is around 10 %.
Preoperative autologous blood donation is an effective
method that is used in surgeries with an important blood
loss. This is an expensive method because of the great
number of predonated blood units not used in the postop-
erative period (around 70 % in our practice).

Objective To know the risk factors associated with
transfusion in the postoperative period in patients who
undergo surgeries of degenerative conditions of the lumbar
spine.

Methods We designed a retrospective study of 142 cases
of patients operated for degenerative conditions of the
lumbar spine (not including simple disk hernia or adult
degenerative scoliosis).

Results Female sex, age >60 years, preoperative ASA
score 3 and preoperative hemoglobin <136 g/L are the risk
factors related to the need of blood transfusion in the
postoperative period. After application of a statistical
study, female sex and preoperative ASA score 3 were the
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most important variables to explain transfusional risk. A
woman with ASA score 3 has a 61 % foretold probability
to be transfused in the postoperative period, while a man
with ASA < 3, only 1.1 %. For this reason, application of
this method to patients with these risk factors is more cost-
effective.

Conclusions Females, ASA 3, preoperative hemoglobin
<136 g/L and age older than 60 years increase the risk to
be transfused in the postoperative period for degenerative
conditions of the spine.

Keywords Blood transfusion - Predictors -
Spine surgery - Lumbar fusion - Autologous donation

Introduction

Lumbar surgery is associated with important blood loss,
requiring the use of blood derivative products.

Blood transfusion is expensive [1], with potential dis-
advantages (allergic reactions, isoimmunization, hemolytic
reactions or transmission of diseases, such as HIV or
hepatitis C virus) [2].

Blood is a limited resource; therefore, it is important to
seek alternatives in surgeries in which there is a high risk
for blood transfusion in the postoperative period [3].

During the last few years, multiple techniques of blood
conservation have been used, including preoperative
autologous blood donation, post- or intraoperative reinfu-
sion of shed blood, pharmacological intervention in the
coagulation cascade, preoperative administration of
recombinant erythropoietin (tfEPO) or controlled hypoten-
sion at surgery [4—13].

Predonation has been shown to be effective in patients
undergoing hip arthroplasty, knee arthroplasty or lumbar
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spine surgeries [14]. However, because a large number of
predonated units are not finally required, this procedure is
not longer recommended [15, 16].

This problem was observed in our department when
starting the implementation of autologous blood transfu-
sion in patients undergoing elective lumbar surgery. More
than 70 % of the predonated units obtained preoperatively
was not used and had to be eliminated in the postoperative
period.

To improve the effective use of blood transfusion, a
retrospective study was designed, with the following
objectives: (a) to audit the amount of blood transfusions
required in the early postoperative period of patients
undergoing spinal arthrodesis and (b) to assess risk factors
for transfusion.

Methods

A retrospective study was conducted to review the medical
records of 142 patients (61 men and 81 women) operated
on at the spine unit of our department between January
2003 and November 2004.

All patients operated with the diagnosis of lumbar spinal
degenerative conditions were included, excluding other
diagnoses such as adult degenerative scoliosis and simple
disc hernia. Revision cases were not included in the study.
Intraoperatively, controlled hypotension was used in all
patients.

The following data were recorded: age, sex and asso-
ciated pathologies (by means of Charlson [17] and
ASA-American Society of Anesthesiologist and comor-
bidity scales), blood losses estimated by the lowest
hemoglobin value during the five postoperative days, the
number of levels instrumented and the duration of surgery.
The need of blood transfusion during the postoperative
period was also assessed.

Statistical analysis

Patients who required transfusions and those who did not
were compared. Qualitative variables are expressed as
absolute frequency and percentage, and quantitative vari-
ables as mean and standard deviation (SD) or as median
and percentiles (25th, 50th, 75th). Categorical variables
were analyzed with the Chi-square test or the Fisher’s exact
test, and continuous variables with the Student’s ¢ test or
the Mann—-Whitney U test according to the distribution
of variables. All statistically significant variables in the
univariate analysis with a P value <0.10 were included in a
logistic regression model to assess risk factors for blood
transfusion. The discriminating value of the two final
variables obtained was analyzed by the area under the
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receiver operating characteristics (ROC) curve. Statistical
significance was set at P < 0.05. The SPSS computer
software was used for statistical analysis.

Results

There were 61 men and 81 women, with a mean (SD) age
of 52.5 (14.6) years. The mean duration of operation was
153.0 (54.8) min. The mean length of hospital stay was 8.2
(5.3) days. The mean preoperative serum hemoglobin level
was 138.3 (14.8) g/L. As shown in Table 1, there were
statistically significant differences in age, sex, preoperative
and postoperative hemoglobin levels and ASA score.
Table 2 shows differences in the percentage of patients
requiring blood transfusion when the study population was
divided into two groups according to age (categorized as
<60 vs. >60 years), preoperative hemoglobin value (<136
vs. >136 g/L) and ASA score (<3 vs. 3). Blood transfusion
was required by 5.6 % of patients younger than 60 years of

Table 1 Variables in function for requiring blood transfusion

Not transfused Transfused P
(n = 129) (n =13)
Age 51.6 £ 145 61.5 £ 13.0 0.02
Duration of 152.6 +£ 52.9 156.9 £+ 68.6 NS
operation
Hb presurgery 140.22 £+ 13.49 130.17 £ 17.65  0.018
Hb postsurgery 107.57 £ 17.79 89.46 £ 184 0.001
Sex
Men (n = 61) 96.7 % (59) 3.7 % (2) 0.02
Women 86.4 % (70) 13.6 %(11)
(n = 81)
Levels 11[1,2] 1[2,3] NS
instrumented
Charlson 0 [0,0] 0 [0,0] NS
ASA 2 [1,2] 31[2,3] 0.001
Table 2 Transfusion frequency
P
Age (years)
<60 (n = 90) 5.6 % (5) 0.063
>60 (n = 39) 16.3 % (8)
Hb presurgery (g/L)
<136 (n = 58) 13.8 % (8) 0.067
>136 (n = 81) 4.9 % (4)
ASA
<3 (n = 115) 5.2 % (6) 0.001
=3 (n = 18) 38.9 % (7)

The transfusion frequency in each group is described
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Fig. 1 ROC curve can discriminant patients who suffer the event
(transfusion) and who in which not occur (discrimination power)

Table 3 Probability of being transfused with regard to sex and ASA
score

Prognosticated (%)

ASA <3
Man 1.1
Woman 8.2
ASA =3
Man 16.4
Woman 61.36

As illustrative data, the foretold probability of being transfused in
women with ASA3 up to 61 % contrasts with 1.1 % in men with
ASA <3

age compared with 16.3 % of those older than 60 years
(P = 0.063). In addition, blood transfusion was signifi-
cantly more frequent among patients with preoperative
hemoglobin value <136 g/L in comparison to those with a
preoperative hemoglobin value >136 g/L (13.8 vs. 4.9 %,
P = 0.067). A significantly lower percentage of patients
with ASA score <3 required transfusion in comparison
with patients with an ASA score 3 (5.2 vs. 389 %,
P < 0.001).

In the multivariate analysis, the only independent vari-
ables significantly associated with postoperative blood
transfusion were female sex [odds ratio (OR) = 8.1, 95 %
confidence interval (CI) 1.4-46.6; P = 0.01] and ASA
score of 3 (OR = 17.8, 95 % CI 4.2-75.0; P < 0.001).

The ROC curve for the model showed a good discrim-
inatory power with an area under the ROC curve of 0.82
(95 % CI 0.72-0.93), a sensitivity of 53.8 % and a speci-
ficity of 90.8 % (Fig. 1). For this, the probability of
requiring transfusion was 1.1 and 8.2 % for men and
women with preoperative ASA score <3, respectively. In
contrast, men and women with ASA score of 3 had a
probability of transfusion of 16.4 and 61.4 %, respectively
(Table 3).

Discussion

Autologous blood transfusion is a well-known procedure
with several drawbacks, mainly related to the availability
of blood [2]. Predonation is one of the most used tech-
niques to avoid autologous blood transfusion. However,
frequently many of the units obtained are not used, repre-
senting an important additional cost [18].

Degenerative pathology of the lumbar spine is the most
frequent diagnosis in patients undergoing surgical proce-
dures of the spine. Usually, decompression and fusion of
one or several levels are included. In most of the cases,
decompression was done (hemilaminectomy or laminec-
tomy). There were no differences in relation to the levels
instrumented, duration of intervention and age of patient.

In our study, we excluded patients with degenerative
scoliosis because of the complexity of the surgical treat-
ment of this condition, requiring an extensive surgical
approach and consequently blood transfusion in a large
number of cases. On the other hand, given that blood is not
usually required in patients undergoing simple discectomy
due to slipped disk, this diagnosis was also considered an
exclusion criterion in this study. We consider that a bias in
the results could have occurred if patients with these two
diagnostic categories had been included in the study.

With regard to the present results, patients in the
transfusion group were significantly older and had a lower
preoperative hemoglobin level than the non-transfused
group. In addition, a significantly lower percentage of men
compared with women required transfusion. Table 2 shows
the differences between patients older and younger than
60 years, between those with a preoperative hemoglobin
level lower or greater than 136 g/L, and between those with
preoperative ASA score lower or equal than 3. Different
authors have emphasized the importance of preoperative
hemoglobin value to predict the need of postoperative
blood transfusion [19, 20]. Lee et al. [19] and Kennedy
et al. [21] even describe predonation as a cause of
decreased preoperative hemoglobin. In the study of Nuttall
et al. [22], three preoperative risk factors for transfusion
were identified, including low levels of hemoglobin,
number of operated levels and predonation of blood. In our
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study, however, predonation of blood was not statistically
significant.

The results of this study refute other studies that con-
sider preoperative hemoglobin as an important risk factor
for needing a transfusion in the postoperative period. Per-
haps, as we have seen in this study, ASA and women are
more important risk factors for requiring a transfusion after
surgery than the others. ASA includes associated pathology
of patients and age, so probably patients with low preop-
erative hemoglobin are those with associated pathology,
and consequently they present a high ASA level. Kilingcer
et al. [23] studied the assigned ASA score depending on
age in patients undergoing lumbar arthrodesis. Older
patients have higher scores than younger ones.

The levels instrumented did not have relevance in the
final results of our study. Other studies associated this risk
factor with a high incidence of complications, but they
included in their study patients operated at more than three
levels [22]. We consider three levels as the maximal
number of operated levels, because most of the population
undergoing this type of surgery require instrumentation of
one or two levels.

With regard to the variable of gender, several studies
[24-26] have shown differences in postoperative transfu-
sion requirements between men and women, although
statistical significance was not reached. Berenholtz et al.
[24] reported a study with almost 4,000 patients in which
several risk factors for postoperative blood transfusion
requirements were identified. These included age, female
sex and comorbidity. In this study, women had an
increased risk to be transfused (OR = 1.6, 95 % CI
1.2-2.0). In the present study, women had 8.1 more prob-
ability to be transfused than men.

The need for blood transfusion has been associated with
the presence of comorbid diseases [27]. In our study, two
instruments were used to assess comorbidity: the Charlson
index and the ASA score. In this respect, the Charlson score
was not associated with blood transfusion, probably
because most patients scored 0 (only less than 25 % of
patients had a Charlson score of 1 or 2). In contrast, the
ASA scale was useful to assess the weight of comorbidities,
given that a statistically significant difference was obtained
using a cutoff of 3. Only 5.2 % of patients with ASA score
<3 required transfusion compared with 38.9 % for those
with ASA score of 3. In fact, patients with ASA score of 3
had up to 17.8 greater probability to be transfused than
patients with ASA score <3. The predictive value of both
female gender and ASA score of 3 was confirmed by high
specificity (91 %) shown by the ROC curve.

Wass et al. [28] studied changes in blood transfusion
practice in the last two decades in major surgery, including
spine surgery. In conclusion, lower acceptable hemoglobin
concentrations were observed in the preoperative period in
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older patients. Although there was worse comorbidity and
exposure to longer major spine operations, there were no
significant changes in the incidence of preoperative mor-
bidity or mortality. Millet et al. [27] assessed risk factors
for blood transfusion in patients undergoing shoulder
arthroplasty. In this study, hemoglobin values lower than
11g/L or patients older than 75 years increased the trans-
fusion risk significantly. These authors did not recommend
predonation in patients with preoperative hemoglobin level
lower than 130 gr/L. Hatzidakis et al. [25] studied 489
patients undergoing knee and hip replacement operations
as well as re-operations. Predonation was obtained in 54 %
of the patients, but postoperative transfusion was required
by only 39 %. These authors conclude that patients with a
preoperative hemoglobin level >150 g/ or between 130
and 150 g/L and younger than 65 years have a low risk of
being transfused in the postoperative period. In a clinical
series of children with scoliosis, Vitale et al. [26] estab-
lished the risks for being transfused in the postoperative
period in relation to four variables: the degree of curvature,
type of scoliosis, use of preoperative rEPO and the need or
not to perform lumbosacral fusion.

From data obtained, we recommend assessing preoper-
ative blood autodonation in all women patients with ASA 3
undergoing lumbar arthrodesis of one, two or three levels,
due to high risk of requiring a transfusion in the postop-
erative period. In our environment, when a surgeon indi-
cates a surgery, the patient is visited by an anesthetist, who
suggests autodonation or other kinds of blood saving. The
sex of the patient and the ASA score are patient-related
factors not related to the surgical procedure. So, the anes-
thetist suggests autotransfusion in those patients, knowing
only the number of levels that are to be instrumented.

Although the relevance of preoperative hemoglobin
level, female gender and underlying comorbidity have been
recognized in previous studies [19-22, 24-27], the present
study shows the clinical relevance of the ASA score, par-
ticularly in combination with female sex, for assessing
accurately the risk for postoperative transfusion in patients
undergoing elective lumbar spine surgical procedures.

The present results, however, should be interpreted
taking into account some limitations, such as the retro-
spective design and the fact that subgroup analyses were
made on data of the 13 patients (10 % of the series) who
were transfused. However, the validity of the results is
supported by significant differences obtained in the statis-
tical analysis.

Conclusions

We have been able to describe four variables that predict
the risk for transfusion in the postoperative period: age
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older than 60 years, preoperative hemoglobin lower than
136 g/L, female sex and ASA 3.

These data are useful as they allow our institution to
reorient our own blood policies regarding orthopedic spinal
surgery and increase cost-effectiveness.

Our results suggest that we should obtain predonated
autologous blood units from women patients with ASA 3
(or more), based on a foretold probability of up to 60 % of
these women needing transfusion in the postoperative
period, supported by a specificity greater than 90 %. This
approach would make autologous donation more appro-
priate, since we would discard very few unused units.
However, we are aware that these patients are often
excluded from autologous blood donation due to
comorbidities.

Regarding the levels of hemoglobin, we already work
with the preoperative evaluation of anemia, which leads us
in some cases to the use of recombinant erythropoetin EPO,
a helpful treatment to address low preoperative hemoglobin
levels. Additionally, we may limit or at least not promote
the predonation of autologous blood in men and women
younger than 60 years, as their low probability of being
transfused increases the outdating rates of autologous
blood.

Our data should promote prospective studies to obtain
more knowledge about the risk of being transfused in the
postoperative period with a greater statistical meaning and
to search for more variables besides those described in this
work.
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