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Abstract
Background The necessity of red blood cell (RBC) trans-
fusions in neurosurgical procedures is under debate.
Although detailed recommendations exist for many other
surgical disciplines, there are very limited data on the prob-
ability of transfusions during neurosurgical procedures.
Methods Three-thousand and twenty-six consecutive adult
patients undergoing neurosurgical procedures at Saarland
University Hospital from December 2006 to June 2008 were
retrospectively analyzed for administration of RBCs. The
patients were grouped into 11 main diagnostic categories for
analysis. The transfusion probability and cross-match to
transfusion ratio (C/T ratio) were calculated.
Results Overall, the transfusion probability for neurosurgi-
cal procedures was 1.7 % (52/3,026). The probability was
6.5 % for acute subdural hematoma (7/108), 6.2 % for spinal
tumors (5/80), 4.6 % for intracerebral hemorrhage (ICH, 4/
98), 2.8 % for abscess (3/108), 2.4 % for traumatic brain
injury (4/162), 2.3 % for cerebral ischemia (1/44), 1.9 % for
subarachnoid hemorrhage (SAH) /aneurysms (4/206), 1.4 %
for brain tumors (10/718), 0.8 % for hydrocephalus (2/196),
0.4 % for degenerative diseases of the spine (5/1290), in-
cluding 3.6 % (3/82) for posterior lumbar interbody fusion

(PLIF) and 0 % for epidural hematoma (0/15). The transfu-
sion probabilities for clipping and coiling of SAH were
2.9 % (2/68) and 1.7 % (2/120) respectively.
Conclusions The probability of blood transfusion during
neurosurgical procedures is well below the 10 % level which
is generally defined as the limit for preoperative appropria-
tion of RBCs. Patients with spinal tumors, acute subdural
hematomas or ICH, i.e., patients undergoing large decom-
pressive procedures of bone or soft tissue, had a higher
probability of transfusion.
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Introduction

Anemia is one of the most common medical complications
arising during surgical procedures [4]. Traditionally, red
blood cell (RBC) transfusions were ubiquitous practice in
most countries. However, in recent years, transfusion prac-
tice across the world has generally become more restrictive
due to clinical trials which have demonstrated significant
transfusion-associated risks and also due to increased cost
awareness [7, 12, 13, 18, 23, 24, 28].

The exact level at which anemia threatens tissue oxygen-
ation is unknown and very likely varies by tissue type and
pathology. Hopf et al. [17] demonstrated that acute hemo-
dilution down to 5 g/dl in healthy volunteers does not
compromise subcutaneous tissue oxygen tension due to
compensation with increasing blood flow. However, be-
cause reduced oxygen delivery contributes to ‘secondary’
cerebral injury, anemia may not be as well tolerated among
neurosurgical patients. In addition, the possibility of wors-
ening brain injury has been demonstrated at hemoglobin
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levels above the commonly accepted threshold of 7.0 g/dl
[15, 19, 35, 36]. Decisions about whether to transfuse neu-
rosurgical patients must further weigh up the putative bene-
fits of increasing oxygen-carrying capacity and delivery
against the potentially serious risks associated with the
transfusion of blood products. These risks include infection,
hemolysis, transfusion-related acute lung injury, alloimmu-
nization, and immunosuppression [16], as well as concerns
about whether or not transfused red cell products effectively
augment oxygen delivery [29, 30]. In spite of the fact that
transfusion may confer important benefit or significant
harm, current transfusion strategies for RBCs, as well as
coagulation factors and platelets as they relate to neurolog-
ical pathology and procedures, are primarily based on expert
opinion and tradition as opposed to high quality evidence.
The little evidence existing is at times conflicting or appli-
cable only to certain limited patient populations [20]. Given
this situation, it is not surprising that the pattern of practice
of practitioners from different disciplines or different centers
may vary considerably [27].

In neurosurgical procedures, there is only a low level of
evidence about the probability of transfusions [22], although
a high probability of transfusions is postulated in many
cases. Generally, the number of RBC units ordered before
surgery has been based on the physician’s transfusion expe-
riences with neurosurgical patients. Until recently in our
institution, 2–4 RBC units were kept ready in the operating
room depending upon the experience of the surgeon and
anesthetist for procedures such as spinal tumors and acute
subdural hematoma and 2–6 RBC units for intracranial
aneurysm surgery.

Hence, a retrospective analysis of more than 3,000 con-
secutive patients undergoing neurosurgical procedures at the
University of Saarland was conducted to determine the
probability of blood transfusions, depending on the disease
and procedure. The aim of the study was to investigate the
efficiency of blood usage in our department.

Material and methods

Patient population

This analysis was performed at the Department of
Neurosurgery, Saarland University in Homburg/Saar,
Germany. Procedures performed in this study were ap-
proved by an independent ethics committee.

All consecutive procedures performed in the neurosurgi-
cal department between December 2006 and June 2008
were retrospectively analyzed for administration of RBCs
intraoperatively or during the next 2 days after operation.

All patients aged 18 years or over who underwent surgi-
cal treatment in our neurosurgical department were included

in this retrospective analysis. A balanced coagulation (inter-
national normalized ratio [INR] less than 1.15) and hemo-
globin (more than 9 g/dl) in the preoperative standard
laboratory testing at the beginning of the surgical treatment
were assumed. Exclusion criteria were: age under 18 years,
an INR over 1.15, hemoglobin lower than 9 g/dl or outpa-
tient procedures. Patients with a hemoglobin concentration
less than 9 g/dl received RBCs until the hemoglobin con-
centration reached 9 g/dl. In general, cell saving procedures
were not used.

Data acquisition

All ordered RBCs and all finally applied RBCs were docu-
mented with the corresponding name of the patient in a
central blood-product documentation system. Hence, the
number of units of cross-matched and ordered RBCs and
number of units applied was available for each individual
patient. The corresponding patient data were collected in the
electronic chart in the hospital documentation system.

The patients were divided into 11 diagnosis groups for
the analysis: traumatic brain injury (TBI), epidural hemato-
ma, acute subdural hematoma, intracerebral hemorrhage
(ICH), cerebral ischemia, subarachnoid hemorrhage
(SAH)/aneurysms, spinal tumors, degenerative diseases of
the spine, intracranial and spinal abscesses, brain tumors,
and hydrocephalus. Additionally, the necessity of RBC
transfusion in patients subjected to posterior lumbar inter-
body fusion (PLIF) and in SAH patients with clipped and
coiled aneurysms were separately analyzed.

Statistics

The transfusion probability (number of patients transfused
with RBCs × 100/number of patients cross-matched and
RBCs ordered) was calculated for each diagnosis group
separately. The number of units of RBCs cross-matched
and ordered for surgery and the number of units finally
transfused were characterized as the cross-matched to trans-
fused ratio (C/T ratio) of RBCs. The C/T ratio was deter-
mined for each group.

The illustration and analysis of data were performed using
Excel (Microsoft Corp., version 2003, Redmond, USA).

Results

During the analyzed time period, 3,331 consecutive patients
were operated on in the neurosurgical department of our
hospital. Of these, 305 were outpatients and underwent
operation procedures on peripheral nerves or had CT inter-
ventions and were excluded from the analysis. Hence, a total
of 3,026 patients were included in the analysis.
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The overall transfusion probability was 1.7 % (52/3,026).
Table 1 gives the transfusion probabilities for the diagnostic
groups. The transfusion probabilities were low for all diag-
noses/surgical procedures and ranged from 0 % (0/15) for
epidural hematoma to 6.5 % (7/108) for acute subdural
hematoma. In the subgroup analyses, patients with clipped
aneurysms had a transfusion probability of 2.9 % compared
with 1.7 % for patients with coiled aneurysms, and patients
subjected to PLIF had a probability of 3.6 %.

Analysis of the number of patients with ordered and
finally applied RBCs demonstrate that most patients did
not require the ordered blood products (see Fig. 1). For
example, only one-third of the ordered RBC concentrates
were given to patients with TBI. In most cases (ICH, tumors
of the spine, insults, and abscess), only a quarter of the
ordered blood products was needed and in all other cases
much less was required.

The C/T ratios for the various procedures in this study are
listed in Table 2 and are an indicator of transfusion efficien-
cy. The number of units or RBCs cross-matched and ordered
for surgery was always greater than the number of units
actually transfused, as indicated by the high C/T ratios. TBI,
spinal tumors and ICH had a very high C/T ratio (≥25)
indicating that a large amount of cross-matched and ordered
blood was not needed. With degenerative spinal diseases (C/
T ratio 8.8) and SAH/aneurysms (C/T ratio 7.5), the over
ordering of blood was less pronounced.

Discussion

Per year, 220,000 neurosurgical procedures were performed
in Germany [25]. There is only a low level of evidence

about the probability of RBC transfusions in neurosurgical
procedures [23] although a high probability of transfusions
is postulated in many cases. Generally, the number of RBC
units ordered before surgery has been based on the physi-
cian’s transfusion experiences with neurosurgical patients
and also in all other patients.

Given the growing concerns about the safety and effec-
tiveness of blood transfusions, much effort has focused on
examining the blood ordering and transfusion probability in
various types of surgery, and several reviews have been
published [2, 3, 8–10, 14, 18, 23, 26, 31–33].

With the ongoing health care reforms, the costs of trans-
fusion and the adequacy of the blood supply are becoming
more relevant in all countries. For example, an ordered unit
of RBCs costs 80 EUR at the Saarland University Hospital
and a cross-match test costs 10 EUR per case.

In addition, although the blood supply is now safer than
ever, there are still risks for transmission of diseases such as
HIV and hepatitis (about 1 in 1,000,000) as well as a risk of
a fatal hemolytic transfusion reaction (1 in 300,000) or
transfusion acquired lung injury (1 in 5,000) [7]. This has
led to an increased use of autologous blood transfusion,
although this is considerably more expensive than allogene-
ic blood transfusion.

Therefore, knowledge of the transfusion probability for
each surgical procedure is essential for an adequate prepa-
ration of the patient before surgery.

In our study, the probability of blood transfusion during
neurosurgical procedures was well below 10 %, which is
generally defined as the limit for preoperative appropriation
of RBCs [1]. In other studies, the incidence of intraoperative
transfusion for cerebrovascular procedures such as aneu-
rysm clipping and carotid endarterectomy has also been

Table 1 Probability of transfu-
sion for each diagnosis group,
ordered by descending
frequency

Diagnosis Number of
patients

Number of patients
applied RBCs

Probability of blood
transfusion per case (%)

Acute subdural hematoma 108 7 6.5

Spinal tumor 80 5 6.2

Intracerebral hemorrhage 98 4 4.6

Abscess 108 3 2.8

Traumatic brain injury 162 4 2.4

Cerebral ischemia 44 1 2.3

Subarachnoid hemorrhage
(SAH)/aneurysms

206 4 1.9

Clipped 68 2 2.9

Coiled 120 2 1.7

Brain tumor 718 10 1.4

Hydrocephalus 196 2 0.8

Degenerative disease of the spine 1,290 5 0.4

Posterior lumbar interbody fusion (PLIF) 82 3 3.6

Epidural hematoma 15 0 0
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described as relatively low, with some published reports of
intraoperative transfusion rates under 10 % [7]. These
reported results correlate well with the demonstrated data.

The highest probability of transfusion exists for patients
with spinal tumors, acute subdural hematomas or ICH, i.e.,
patients needing large decompressive procedures of bone or
tissue—often as a case of emergency.

The main finding of this retrospective observational
study is that the department of our hospital overestimated
the potential loss of blood involved with neurosurgical
procedures during the 18 month period to June 2008. This
study indicates that the number of RBC units ordered rou-
tinely for neurosurgical procedures can be reduced.

Generally, the number of cross-matched or ordered units
of RBCs for surgery is always greater than the number of
units actually transfused. Several studies have examined the
problem of excessive cross-matching [23, 24, 26]. The
cross-matched to transfused ratio (C/T ratio) demonstrates
the efficiency of blood usage: a high C/T ratio means that
the blood bank must keep more blood, which increases
hospital costs and also the likelihood of having outdated
blood products. An ideal C/T ratio would be 1.0, although a
ratio below 2.5 is generally accepted to indicate efficient
blood usage. The C/T ratios were high for all neurosurgical
procedures conducted in the study period with TBI, intrace-
rebral hemorrhage and cerebral ischemia having the greatest
number of unused cross matched blood units.

Problems with the blood supply can occur when products
with a short shelf life are prepared and sent to the operating
room but are not used. When blood is cross-matched for

surgery, it is unavailable for others for 24–48 h, and the
chance of the RBCs becoming outdated is increased. A
recent study has also shown that relatively older RBCs can
potentiate transfusion-related toxicity in trauma patients
[34].

Several new strategies that have been shown to effective-
ly reduce the perioperative transfusion of blood products are
being implemented [11, 21]. There is no evidence that mild
to moderate anemia contributes to perioperative morbidity.

Fig. 1 Ordered and applied
blood products (RBCs) for each
diagnosis group

Table 2 C/T ratio for RBCs for each diagnosis group, ordered by
descending frequency

Diagnosis C/T ratio

Traumatic brain injury 30.8

Intracerebral hemorrhage 25.7

Cerebral ischemia 25

Spinal tumor 22.7

Abscess 20

Hydrocephalus 20

Acute subdural hematoma 19.7

Brain tumor 10.7

Degenerative disease of the spine 8.8

Posterior lumbar interbody fusion (PLIF) 8.1

Subarachnoid hemorrhage (SAH) /aneurysms 7.5

Clipped 5.8

Coiled 10.5

Epidural hematoma 0
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The timing and indication of RBC transfusion has changed
in the last years.

In neurosurgical—especially in neurovascular—proce-
dures, there is a possibility that blood will be needed ur-
gently. If this is the case, an immediate-spin cross-match can
be performed before transfusion to eliminate reactions that
may result from human errors in ABO-Rh typing. Blood
given in this manner is very safe [5].

Notable questions for the future include the exact role of
transfusion-sparing practices such as cell salvage or acute
normovolemic hemodilution [6], and whether or not they
may be associated with improved neurological outcomes
compared with allogeneic transfusion. It cannot be stressed
strongly enough, however, that these targets may need to be
modified or revised in the context of significant comorbid-
ities such as coronary artery disease or hypoxemia. We must
continue to examine these issues to identify which patient
groups in the heterogeneous neurosurgical population will
benefit from the interventions that we might offer. The role
of strategies to address anemia preoperatively prior to elec-
tive neurosurgical procedures also remains to be addressed
with regard to outcome.
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