
Abstract. – BACKGROUND AND OBJECTIVES:
Spine surgery frequently needs allogeneic blood
transfusions to compensate for great blood loss.
Autologous blood donations often are indicated
to reduce homologous transfusions. In last
decades interbody spinal fusion has gained pop-
ularity, being frequently performed in many spine
procedures. Nevertheless, there are few studies
evaluating the risk factors of additional blood
transfusions in the postoperative course of de-
generative spine surgery and no one concerning
patients who underwent interbody fusion. 

MATERIALS AND METHODS: In 15 consecu-
tive months, in the same Department of Spine
Surgery 40 different elective spine surgeries
were performed, divided into four groups:
laminectomy alone, laminectomy with an instru-
mented posterolateral fusion, laminectomy with
an instrumented posterolateral and interbody fu-
sion, extensive instrumented fusion.

All patients surgery-related data were respec-
tively recorded: patient age, gender, diagnosis,
preoperative hemoglobin rate, autologous blood
availability, number of spinal level decom-
pressed and fused, duration of surgery, type of
surgical procedure, duration of hospital stay.
These data were statistically analysed to deter-
mine whether variables could determine higher
risk of blood transfusion.

RESULTS: In an univariate analysis of factors
influencing the need of blood transfusion, sig-
nificantly greater risk of blood transfusions was
observed in the female, in case of low preopera-
tive Hb rate, longer surgical times, multiple
spinal level decompressed or fused and longer
duration of hospital stay. Our linear multiple re-
gression modeling showed that patients gender
and increased number of levels decompressed
and levels surgically fused were significant de-
terminants of need of blood transfusion.

CONCLUSIONS: The practical value of this
work can be particularly appreciated by those
who are used to consider blood predonation.
According to our findings blood predonation
should preferably be proposed to women sup-
posed to undergo spine instrumented fusion or
a more than three levels spine decompression.
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Introduction

Patients undergoing spine surgery are possibly
exposed to severe blood loss so that different
methods have been developed to face this prob-
lem. Allogeneic transfusion can compensate the
anemia but the occurrence of transfusion-related
infections, the refuse secondary to cultural or re-
ligious beliefs, the limited availability, are solid
reasons for evaluating possible alternatives.

Predeposit programs before surgery and
plasmapheresis or intentional isovolemic hemod-
iluition during surgery are largely adopted solu-
tions. Particularly, predeposit programs for autol-
ogous blood transfusions have become standard
in association with elective spine surgery1 and
has shown to reduce the number of allogeneic
transfusions2. Because the need for blood trans-
fusion in patients undergoing spine surgery is
difficult to predict due to variety of surgical pro-
cedures, various studies have been attempted to
determine guidelines for its use3-11.

In last decades interbody spinal fusion proce-
dure with a transforaminal (TLIF) or a posterior
(PLIF) approach has gained popularity, with in-
dications including spinal stenosis, instability,
degenerative disc disease, spondylolisthesis,
spondylolysis, and bilateral disc herniation12-14.
Even if these procedures are performed by poste-
rior approach alone, the operation time is longer
than posterior fusion and consequentially more
blood loss can be expected.

Based on these preliminary remarks specific
guidelines should be proposed to decide if and
how many autologous units should be collected
according to expected procedure.
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technique. Bony posterolateral gutters were
decorticated and filled with cancellous bone graft.
The contralateral interlaminar space also was
decorticated and used as a fusion surface. The
wound was frequently irrigated and closed, taking
care to restore the normal muscular envelope.

Post-Operative Management
At the end of surgery and with the certainty of an

increased demand of oxygen the Hb% was always
brought above 9 g/dl with hemodiluition. Indication
for postoperative autologous or allogenic transfu-
sion depended on Hb% and patient conditions.

According to the criteria of our Institution for
blood products transfusion, indication for red
blood cell units transfusion includes:

1. Hemoglobin value rate less than 7 g/dl in an
otherwise healthy patient or Hb% less than 10
g/dl in symptomatic patients with increased
risk of ischemia;

2. Acute blood loss of more than 30% of blood
volume or with Hb% less than 9 g/dl.

The general transfusion criteria for coagula-
tion blood products are as follows:

1. Transfusion of platelets, with evidence of
platelet dysfunction (bleeding time more than 15
minutes) or thrombocytopenia (a platelet count
less than 50.000/ml) in a bleeding patient;

2. Transfusion of fresh frozen plasma, with evi-
dence of coagulation factor deficiencies (pro-
thrombin time or activated partial thrombo-
plastin time more than 1.4 times upper limits
of normal).

The number of autologous and allogeneic
blood product units transfused perioperatively
and throughout the hospitalization were regis-
tered; as for the origin only 21.8% were autolo-
gous, constituted by predeposit, while 88.2%
were by allogenic origin.

All of the patients were discharged from hos-
pital in good health condition after a mean post-
operative period of 9.5 days (range 2 to 27 days).

Data regarding surgery, operative time, and
duration of hospital stay were collected for each
procedure (see Table I). 

Statistical Analysis
The SPSS program (SPSS Inc., Chicago, IL,

USA) was used for the statistical analyses. A p-
value of 0.05 was considered statistically signifi-

This study was planned to evaluate the need of
blood transfusion according to various risk fac-
tors and to different surgical procedures.

Materials and Methods

We retrospectively reviewed 40 patients that
consecutively underwent spine surgery in our De-
partment during 15-months period. Indications for
surgery included single level or multiple level disc
degenerative disease in 23 patients, adult
kyphoscoliosis in 5 patients and segmental spinal
stenosis in 12 patients. Procedures for neoplastic
or septic conditions of the spine were excluded.

Among these patients there were 19 men and
21 women; mean age was 53.6 years (range 18 to
90 years).

Predeposit programs were adopted when and
whenever the conditions of the patient allowed it;
blood preservatives were eligible for surgery on-
ly within 28 days of donation. In those patients
who predonated blood iron supplementation was
prescribed.

Hemoglobin concentration, platelet count,
bleeding time, prothrombin time, and activated
partial thromboplastin time were determined be-
fore surgery. Hemoglobin value rate (Hb%) was
evaluated before surgery in all patients as being
at least 11 grams % (mean Hb% 13.7 g/dl, range
11.1 to 16.1 g/dl).

Different surgical procedures were performed
(Table I): 23 cases laminectomy alone (group A),
3 cases laminectomy with an instrumented pos-
terolateral fusion (group B), 9 cases PLIF (group
C), extensive instrumented fusion was performed
in the other 5 patients (group D). Extensive fusion
was considered as an arthrodesis of more than five
vertebral levels or a surgical procedure including
one or more interpeduncular osteotomy.

Surgical Management
All patients had a general anesthesia. Intraop-

erative autotransfusion was used in all patients us-
ing a cell salvage instrument. The patient was
prepared in the usual fashion and placed on a
spine frame in the prone position. A standard pos-
terior approach was used to access the vertebrae.
The paraspinous muscles were subperiosteally el-
evated from the dorsal surface of the lamina out
to the tip of the transverse process, allowing the
dorsal aspect of the vertebral bodies to be ex-
posed. Laminectomy, fixation and PLIF proce-
dures were performed according to the standard
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cant. The sample size was analysed taking trans-
fusion of blood products as referring end-point.
Data about blood transfusion were analysed us-
ing univariate analysis to show any statistically
significant differences in this parameter as a
function of identified variables. The following
variables were considered as possible factors in-
fluencing blood loss and need of transfusion: pa-
tient age, gender, diagnosis, preoperative hemo-
globin rate, autologous blood availability, num-
ber of spinal levels decompressed, number of
levels fused, duration of surgery, type of surgical
procedure (group A-D), duration of hospital stay.

Stepwise regression multivariate analysis was
used to determine the best multiple regression
model for need of blood transfusion for the inde-
pendent variables assessed. All variables with sta-
tistical significance (p ≤ 0.05) in the univariate
analysis were included in these stepwise regres-
sions. Duration of hospital stay had a strong statis-
tical association with the transfusion of blood, but
this information is not available before surgery, so
it was excluded from the multivariable analysis.

Two-way interactions were not assessed due to
low number of patients considered.

Results

The demographic data of the patients, transfu-
sion requirements, and surgical variables are list-
ed in Table I.

The univariate analysis achieved a statistically
significant relation of blood products transfusion
with patient gender, diagnosis, preoperative he-
moglobin rate, type of surgical procedure, num-
ber of spinal level decompressed, number of
spinal levels fused, duration of surgery, duration
of hospital stay.

Particularly according to preoperative diagno-
sis, patients with adult scoliosis seems to have
higher risk of blood transfusion (100% of the
cases in our cohort underwent blood transfusion),
than patients with degenerative disease or spinal
stenosis (respectively 21.7% and 41.7%).

Surgical procedure: patients with posterior in-
strumented arthrodesis and those with extensive
arthrodesis, seem to have higher risk of blood
transfusion than patients who underwent spine
decompression alone and those with posterior in-
terbody fusion.

Need of blood transfusion was not dependent
neither on patient age (p=0.19, Mann Whitney
test for continuous data) nor on the availability of

autologous blood before surgery (p = 0.22, Mann
Whitney test for continuous data). 

Linear multiple regression modeling showed
that patients gender, multiple spinal levels surgi-
cally decompressed and multiple levels surgical-
ly fused were significant determinants of the
need of blood transfusion.

Discussion

Blood loss and need of transfusion during and
after spine surgery have been always perceived
as relevant. Intraoperative blood salvage (cell
saver), controlled hypotensive anesthesia, acute
normovolemic hemodilution15 are commonly ac-
cepted technique to approach this problem.

Cell-saver blood replacement in adults un-
dergoing spine surgery appears to provide ade-
quate amount of blood16, but it is not known
whether this method compares favorably with
autologous predonation in patients undergoing
instrumented spinal fusion. Hemodiluition is
well-tolerated up to Hb 6-7 g per 100; below
this level hemodynamic and coagulative prob-
lems may occur17.

Intraoperative and postoperative blood transfu-
sion is always relevant but autologous blood is
still moderate, mainly because the limited eligi-
bility for use of blood preservatives.

Many studies exist to define the risk factors
for blood transfusion in spine surgery. Cha et al4

reported that in patients who underwent fusion,
preoperative autologous blood donation de-
creased the risk of allogeneic blood transfusion
by 75% in non-instrumented fusions and 50% in
instrumented fusions compared with patients
who did not predonate blood. Patients in their se-
ries were all operated for degenerative conditions
but no case of anterior fusion.

Zheng et al7 found that number of levels fused
and age seem to be the most significant factors
predicting hospital stay, operative time, intraop-
erative blood loss, and transfusion in patients un-
dergoing posterior lumbar spine decompression,
fusion, and segmental instrumentation.

In a well study conducted at Mayo Clinic5, it
was demonstrated using linear multiple regression
modeling that the significant determinants for in-
creased amounts of both allogeneic and autolo-
gous red blood cell units transfused were low pre-
operative hemoglobin concentration and increased
number of posterior levels surgically fused. They
suggested that, according to others3,4, that preoper-

M. Fosco, M. Di Fiore



ative blood donation increased the likelihood of
autologous units transfusion. Opposite to this is-
sue in our series we found no relationship between
need of blood transfusion and the availability of
autologous blood before surgery (p = 0.22, Mann
Whitney test for continuous data). In our practice
we routinely use programs of predonation as an al-
ternative for allogenic blood transfusion. However,
as supported also by others17, the preoperative
blood donation, especially for noninstrumented or
short instrumented fusion surgeries, is not cost-ef-
fective due to the number of waste units, to the
morbidity of donation and to the anemia related to
predonation of blood.

In our linear multiple regression model we
found that patients gender, multiple spine levels
surgically decompressed and multiple levels surgi-
cally fused represent best determinants for risk of
blood transfusion. The female-related risk is main-
ly due to lower preoperative hemoglobin rate and
to smaller blood mass, thus exposing to greater risk
of intraoperative or postoperative anemia. Accord-
ing to the number of levels surgically treated, we
observe in our cohort that patients with decompres-
sion in more than three levels, underwent blood
products transfusion in 70% of cases (Figure 1).
Considering instead the number of fused levels we
found a larger patients dispersion (Figure 2), thus
considering fusion of one single spinal level to ex-
pose to a greater risk of blood transfusion. Howev-
er these cut-offs lacks of statistical power because
of low number of patients.

To our knowledge the study of Johnson RG et
al11 was the only to consider both posterior lum-
bar fusion and anterior lumbar fusion using ho-
mograft bone. Nevertheless, our study is the first
one to evaluate risk of blood transfusion in a co-
hort including also patients undergoing interbody
fusion. Interbody fusion, both by TLIF and PLIF
procedure, has gained popularity in last decades,
with indications including spinal stenosis, insta-
bility, degenerative disc disease, spondylolisthe-
sis, spondylolysis, and bilateral disc herniation12-

14,18. We always perform interbody fusion togeth-
er with posterolateral instrumented arthrodesis
and in the current study, we have always inserted
a single interbody cage instead of two cages.

The limited number of patients considered in
this study, makes difficult an accurate statistical
analysis, like two-way interactions analysis of
variables influencing risk of blood transfusion.
Another limit is the low accuracy in detecting in-
traoperative blood loss amount. This parameter
was not considered as a variable as no reliable

technique rather than anesthesiologist experience3

exists to estimate accurately blood loss.
In this way our investigation is proposed to be

just as first analysis that should be confirmed by a
larger cohort of patients to define more accurately
risk factors for blood transfusion in this kind of
surgery.

A larger possibly multicenter-study should be
designed to provide more accurate statistical
analysis.

The practical value of this work can be partic-
ularly appreciated by those who are used to con-
sider blood predonation. According to our results
blood predonation should preferably be proposed
to women supposed to undergo spine instrument-
ed fusion or a more than three levels spine de-
compression.
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Figure 1. Distribution of patients according to number of
levels decompressed.

Figure 2. Distribution of patients according to number of
levels fused.
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