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Pre-Incision Hematocrit in Adolescent Idiopathic Scoliosis
Patients. A Retrospective Cohort of a Prospective
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Abstract
Background
Pre-donation of autologous blood prior to spine fusion for adolescent idiopathic scoliosis (AIS) has been used in
deformity surgery. The effect of pre-donation on pre-operative hematocrit (Hct) remains debated. Multiple factors
may influence pre-operative Hct including intravascular volume status, patient factors, and timing of pre-operative
blood donation. The purpose of this study was to determine if pre-donation significantly lowers pre-incision Hct in
AIS patients.

Methods
A retrospective cohort study of a Level-1 prospective randomized trial was conducted. 125 patients from the ho-
mogeneous population were included. AIS patients undergoing a posterior only spinal fusion for AIS were separat-
ed into two groups based on their pre-operative blood donation history. Demographic variables, pre-incision Hct,
and transfusion rates were compared between the two groups using the Student's T-test.

Results
Pre-donation and non pre-donation groups had 28 and 97 patients, respectively. Pre-donation group was 75% fe-
male (21F, 7M) and non pre-donation group was 78% female (76F, 21M). There was no difference between pre-
donation and non pre-donation groups in mean age (15.6 ± 2.2 vs 14.8 ± 2.2, p=0.081), BMI (23.1 ± 4.2 vs 21.7 ±
5.3, p=0.219), and pre-incision Hct (32.8 ± 3.4 vs 33.8 ± 3.1, p=0.628). The overall transfusion rates were equiva-
lent (32.1± 48.0% vs 25.8 ± 44.0%, p=0.509), however, the rate of allogenic transfusion for the pre-donation group
was significantly lower (3.6 ± 18.9% vs 25.8 ± 44.0%, p=0.011).

Conclusions
This study supports the use of pre-donation for AIS, without a significant drop in pre-incision Hct. Patients that
donate are also much less likely to be exposed to allogenic blood. There may be a surgeon bias to recommend pre-
donation in patients with a larger BMI and older age. Future studies are needed from a larger population of pa-
tients including those with non-AIS pathology. Level of evidence: Level III.
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Introduction
Pre-donation of autologous blood (PD) prior to spine
fusion for adolescent idiopathic scoliosis (AIS) in
conjunction with other blood conservation tech-
niques have been frequently used in spinal deformity
surgery. PD has been extensively studied in non-

spinal orthopaedic procedures and found to lower
the risk of allogenic blood transfusions in hip and
knee replacement surgeries.1-3 PD has become in-
creasingly common for elective spine surgery pa-
tients and can lead to a decrease in the likelihood of
homologous blood transfusion.4-6 Despite this in-
creasing use, there exists a paucity of research on its
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efficacy and indications,7 particularly with AIS
surgery. In addition, parents of AIS patients are espe-
cially interested in reducing the potential for allo-
genic blood transfusion. In recent years this has dri-
ven surgeons to have greater focus on minimizing
this risk through a variety of techniques including re-
duction of mean arterial pressure, meticulous surgi-
cal technique in conjunction with reduced operative
time, and utilization of antifibrinolytic medications.8

Various viruses such as HIV and Hepatitis B and C
progressively contaminated donated allogenic blood
in the 1980s. Therefore, healthcare professions
sought to decrease the risk of exposure to contami-
nated products and in the late 1980s and 1990s many
surgeons used PD for surgical procedures with large
volumes of expected blood loss, such as in spinal
surgery.9-12 Due to prohibitive costs of PD programs
and decreased exposure risks from implementation
of screening protocols PD began to fall out of favor.
Consequently, the practice of autologous blood trans-
fusion for spine surgeries decreased in many prac-
tices. However many of these conclusions have been
based on cost analyses studies from the 1990s.11

Pediatric spinal surgery is associated with significant
blood loss; reported to vary from 57 to 350 mL/level
fused, depending on surgical technique and instru-
mentation utilized.13 Greater blood loss increases the
necessity for transfusion, and consequently the expo-
sure to more blood products with the potential for
disease transmission or transfusion reactions and in-
creased surgical site infections.14,15 Using the National
Inpatient Database it is estimated that 2.71 million
spinal fusions were performed in the United States
from 2002 to 2009,16 of which 30% received blood
transfusions.4,17 Although serious complications of al-
logenic transfusions are uncommon, the high rate of
blood transfusions necessitate investigating alterna-
tive options.

The effect of autologous donation on pre- and post-
operative hematocrit (Hct), and transfusion rates re-
mains debated in the setting of AIS fusion surgery.
Universally accepted indications to pre-donate in
spine patients do not exist, particularly with AIS pa-
tients. Multiple factors may influence preoperative
Hct including intravascular volume status, patient

factors, and timing of pre-operative donation. This
study aims to determine if AIS patients that pre-
donate autologous blood have a significantly lower
pre-incision Hct, post surgical Hct, and transfusion
rates compared to AIS patients that did not pre-
donate blood.

Materials and Methods
Population
We retrospectively examined a cohort of AIS pa-
tients undergoing a posterior only spinal fusion from
a prospective randomized trial (Figure 1).8 During
the prospective trial 125 patients were randomized to
Tranexamic acid (TXA), Aminocaproic acid (EA-
CA), or Saline (control) for surgery from January
2009 to January 2011. Level-1 data from this homo-
geneous population minimizes the effect of con-
founding variables. For the current study the 125 pa-
tients were separated into two groups based on their
pre-operative blood donation history and compared
in terms of their pre-incision Hct. All patients in the
prospective study had a complete blood count drawn
just prior to incision.8 Of the 125 patients enrolled in
that study: 28 patients donated blood prior to surgery
(PD group), 97 patients did not pre-donate blood
(Non-PD group).

Fig. 1. Pre-operative coronal (left) and sagittal (right) radiographs of a 17
year old male with adolescent idiopathic scoliosis. Main Thoracic curve= 71
degrees (bending= 54); TL/L= 91 degrees (bending= 73).
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Pre-donation program
There is no age limitation to pre-donate blood at the
study institution. Absolute exclusion criteria for pre-
donations include: active infection and weight less
than 100 lbs. Relative exclusion criteria include: car-
diac conditions, pulmonary disease, current antico-
agulant therapy, and a history of cerebrovascular dis-
ease, or seizures. Relative exclusion criteria are con-
sidered on a case-by-case basis. Patients may donate
blood every four to seven days, and up to three days
before surgery with up to two units donated in the
month prior to surgery. Patients are instructed to
avoid acetaminophen, aspirin and alcohol consump-
tion for 48 hours prior to donation.

Surgery
Posterior spinal fusion was achieved by careful dis-
section of the paraspinal musculature from the spin-
ous process, lamina, and facet. Soft tissue releases
and ponte osteotomies on the concavity were per-
formed to increase flexibility followed by pedicle
screw fixation. (Figure 1 and Figure 2) Local autolo-
gous and allograft bone graft was used to achieve
bony fusion. Sub-fascial hemovac drains were rou-
tinely placed at the wound site during closure and
uniformly removed post-operatively when wound
drainage was less than 40 ml per eight-hour shift.
Transfusion was performed intraoperatively if a pa-
tient had a measured Hct of less than 25 with ongo-
ing bleeding, and post-operatively if a symptomatic
patient had a Hct of less than 22.

Statistical Methods
Demographic variables analyzed include age, BMI,
gender, and estimated blood volume. Estimated
blood volume was approximated as 80 mL/kg.18 The
primary outcome measure was pre-incisional Hct. To
insure the proportion of patients assigned to EACA,
TXA and/or saline did not differ between PD and
non-PD groups a Pearson chi-squared test was per-
formed. Additional outcome measures analyzed in-
clude peri-operative transfusion rate, length of hospi-
talization, estimated blood loss (EBL), and Hct on
post-operative day (POD) 1 and 2. The effects of
Tranexamic acid (TXA), Aminocaproic acid (EA-
CA), and Saline (control) were not analyzed as the
primary outcome was pre-incisional Hct, and there
were too few subjects to do a sub-analyses on sec-

ondary outcome measures. Outcome variables were
statistically analyzed using SPSS software (SPSS,
Inc.). Demographic variables and study outcomes
were compared between the two groups using the
Student’s T-test with statistical significance was de-
fined as p < 0.05.

Results
Demographics
The proportion of patients assigned to EACA, TXA
and/or saline did not differ between PD and non-PD
groups (p=0.26). The PD group was 75% female
(21F, 7M), and Non-PD group was 78% female (76F,
21M). The mean age of the PD group trends to a
higher age (15.6 ± 2.2 vs 14.8 ± 2.2 years, p=0.081),
although this was not statistically significant. The
BMI of the PD was slightly higher than Non-PD
(23.1 ± 4.2 versus 21.7 ± 5.3, p=0.219), although this
difference was not statistically significant. The esti-
mated blood volume for the patients that pre-
donated was significantly higher (4444 ± 1142 vs 3881
± 1060, p=0.017). (Table 1)

Fig. 2. Post-operative coronal (left) and sagittal (right) radiographs of a 17
year old male with adolescent idiopathic scoliosis who underwent posterior
spinal fusion (T3-L3). Estimated blood loss was 4500cc and 3 units of
allogenic packed red blood cells were transfused.
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Hematocrit
Hct between the two groups (PD vs Non-PD) were
equivalent at the three time points measured: The
pre-incision Hct (32.8 ± 3.4 vs 33.8 ± 3.1, p=0.167),
POD1 Hct (29.3 ± 4.7 vs 28.5 ± 3.4, p=0.333), POD2
Hct (28.2 ± 4.4 vs 27.3 ± 3.6, p=0.309), and change
in Hct from pre-incision to POD2 (-3.6 ± 3.6 vs -5.3 ±
5.9, p=0.154) did not differ significantly (Table 2).

Surgical Parameters
The overall transfusion rate between the PD and
Non-PD did not differ significantly (32.1 ± 48.0% vs
25.8 ± 44.0%, p=0.509). However, the rate of allo-
genic transfusion for the PD group was significantly
lower than the Non-PD group (3.6 ± 18.9% vs 25.8 ±
44.0%, p=0.011). Length of hospitalization did not
differ significantly between PD and Non-PD (5.2 ±
0.8 days vs 5.5 ± 1.1, p=0.225). Therefore, patients
who pre-donate blood are less likely to be exposed to
allogenic blood, without increasing the risk of overall
transfusion and without an increased length of hospi-
talization (Table 3).

Estimated Blood Volume
Patients who pre-donated blood trended towards los-
ing less total blood intra-operatively (734 ± 734cc vs
938 ± 742cc, p=0.180), and less blood loss per level
fused (77.8 ± 62.1cc vs 102.5 ± 65.7cc, p=0.079), al-
though these trends were not statistically significant.
Interestingly, patients that pre-donated lost a signifi-
cantly smaller portion of their total estimated blood

Table 1. Demographic information. (PD = Pre-donate of autologous blood,
Non-PD = No pre-donation of autologous blood).

Table 2. Hematocrit (Hct) measured at pre-incision, post-operative day
(POD) 1, POD2, and change from pre-incision to POD2. (PD = Pre-donate
of autologous blood, Non-PD = No pre-donation of autologous blood).

volume (17 ± 13% vs 25 ± 19%, p=0.012). (Table 4)

Discussion
Pre-donation prior to surgical procedures has the po-
tential to minimize the risks of allogenic blood trans-
fusions.4 Allogenic transfusion is associated with po-
tentially serious complications such as; incorrect
blood component transfused (CMV+ blood to a
CMV- patient), acute transfusion reactions, as well as
transfusion-related acute lung injury.19 Allogenic
transfusion also increase the risk of infectious disease
such as hepatitis B and C, HIV and nvCJD.19 Pre-
donation has several limitation in major spinal
surgery such as difficulty of predicting which pa-
tients require blood tranfusion,20,21 the high potential
for wastage (up to 40% discarded autologous blood
products),20 a high level of communication across a
variety of specialties necessary for successful imple-
mentation, and its inavailability in emergency surg-
eries.4

With the exception of the estimated blood volume,
the baseline demographic variables between the PD
and non-PD groups were similar. Due to institutional
policy, patients were excluded from pre-donation if
they weighed less than 100 lbs. The significantly larg-
er estimated blood volume in the pre-donation group
is therefore not surprising. Similarly, this exclusion
criterion likely explains the trend towards larger BMI

Table 3. Surgical Parameters. Bolded p-value denotes statistical
significance. (PD = Pre-donate of autologous blood, Non-PD = No
pre-donation of autologous blood, LOH = Length of hospitalization).

Table 4. Estimated Blood Loss. Bolded p-value denotes statistical
significance. (PD = Pre-donate of autologous blood, Non-PD = No
pre-donation of autologous blood, EBL = Estimated Blood Loss, EBV =
Estimated Blood Volume).

Group N Mean Age BMI Gender (%female)

PD 28 15.6 ± 2.2 23.1 ± 4.2 75

NON-PD 97 14.8 ± 2.2 21.7 ± 5.3 78

p - 0.081 0.219 -

Group Pre-Incision
Hct

POD1
Hct

POD2
Hct

Change in Hct (In-
cision to POD2)

PD 32.8 ± 3.4 29.3 ± 4.7 28.2 ± 4.4 -3.6 ± 3.6

NON-
PD 33.8 ± 3.1 28.5 ± 3.4 27.3 ± 3.6 -5.3 ± 5.9

p 0.167 0.333 0.309 0.154

Group
Transfusion

Rate (%)
Allogenic Blood

Transfusion Rate (%)
LOH (days)

PD 32.1 ± 48.0 3.6 ± 18.9 5.2 ± 0.8

NON-PD 25.8 ± 44.0 25.8 ± 44.0 5.5 ± 1.1

p 0.509 0.011 0.225

Group EBL (mL) EBV (mL) EBL/Levels fused EBL/EBV

PD 734 ± 734 4444 ± 1142 77.8 ± 62.1 0.17 ± 0.13

Non-PD 938 ± 742 3881 ± 1060 102.5 ± 65.7 0.25 ± 0.19

p 0.180 0.017 0.079 0.012
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and age in the PD group. This data suggests that PD
patients were comparable to Non-PD.

One study by Brookfield et al. has found the greatest
drawback to the use of PD in major spine surgery is
that it lowers pre-operative hemoglobin level.20 Simi-
larly, Kennedy et al. examined elective posterior lum-
bar spine surgery in adult patients and found PD in-
duced preoperative anemia.7 The authors found pre-
operative Hct in patients who pre-donated was sig-
nificantly lower (39.8 ± 4.5 vs 41.6 ± 4.6, p<0.001).7

The PD group in the present study had an equivalent
pre-incision Hct as compared to the Non-PD group.
The predonation program, and mean time from pre-
donation was unfortunately not available to compare
among the present study, and Kennedy et al. and
Brookfield et al. While our study shows a contrasting re-
sult, it is important to recognize that AIS patients are a
generally healthy uniform population that is likely better
able to compensate for the blood loss necessary for predo-
nation. Perhaps these contrasting findings represent
an inherent difference in the populations analyzed.
Kennedy et al. and Brookfield et al. studied older
populations. Therefore, the results of this study are
best applied to a healthy population of adolescents or
young adults.

In the setting of posterior lumbar surgery Kennedy et
al. found a lower transfusion threshold in PD than al-
logenic blood, likely due to the higher rate of preop-
erative anemia in the studied patient population or
the belief that potential infectious complications
from contaminated blood would be negligibile.7 This
study found that PD group patients who donated one
and two units of blood were, respectively, 7.5 and 9
times more likely to be transfused within the first 24
hours than Non-PD patients.7 Conversely, a retro-
spective study by Solves et al. of patients undergoing
major elective spine surgery found that pre-donation
was effective for reducing allogeneic transfusion
rates in mostly young patients undergoing major
elective spinal surgery (Odds Ratio = 0.077; 95% CI =
0.043-0.140).6 The present study found that pre-
donation did not increase the risk of transfusion in
the peri-operative period. The drastic reduction in
the risk of allogenic transfusion seen as well is a re-
sult of the use of autogenic prior to the use of allo-
genic blood. These findings coincide with the find-

ings by Solves et al.6 This reduced rate of allogenic
transfusion in patients who pre-donate, with no in-
creased risk of overall transfusion risk effectively re-
duces the potential for disease transmission or trans-
fusion reactions.14

The present study did not investigate the effects of
instrumentation on transfusion rates or Hct, however
Kennedy et al. found that pre-donation was signifi-
cantly more efficient in patients who underwent in-
strumented lumbar fusion than in patients with less
complex surgery.7 Cha et al. found that pre-donation
decreased their risk of receiving allogeneic blood by
75% for non-instrumented fusions, and 50% for in-
strumented fusions in posterior lumbar decompres-
sion with fusion of up to three levels.21 This study
concluded PD significantly diminishes allogeneic
blood usage in patients undergoing spinal fusion.21

This study is limited by its small sample size and in-
clusion of relatively few surgical and patient factors
likely to influence blood loss including timing of pre-
donation, and curve type. Furthermore, the differ-
ence in BMI between the two groups suggests there
may be a surgeon bias to recommend pre-donation in
patients with a larger BMI, although this difference
was not significant. This bias may be a function of
longer surgery times required for patients with larger
BMIs. Additionally the study did not track peri- and
post-operative complications, and therefore defini-
tive conclusions concerning reducing the rate of
transfusion reactions and exposure to infectious dis-
eases cannot be made.

Another limitation of the current study is cost-
analysis. Unfortunately the cost incurred for one unit
of PD was not available at the studied institution.
The cost effectiveness of pre-donation has been pre-
viously discussed, however much of the literature
that may have contributed to the decreased use of PD
are cost analyses studies from the 1990s and early
2000s.11,21 For example, in 2002 Cha et al. concluded
routine preoperative collection of autologous blood is
not necessary before simple lumbar laminectomy
without fusion despite reducing allogenic transfusion
rate in lumbar laminectomy procedures because the
donated blood is discarded in 80% of cases.21 Since
Medicare does not reimburse for pre-donation22 the
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cost of the surgery must be covered by insurance, or
more frequently by the patient. One 2003 study ana-
lyzed the use of autologous pre-donated blood trans-
fusion in surgery for scoliosis in 45 patients at one
hospital in England.23 The authors concluded that au-
tologous blood transfusion required extra time, per-
sonnel, resources and cost £28.88 ($47.15 USD) per
patient more than allogenic transfusion.23 Additional
concerns about unused autologous blood adding an
unnecessary expense has been raised as well.21,24 To
date the cost of a unit of allogenic blood is variable
and institution dependent. The cost is also increased
by the various tests and processing necessary for
minimize patient risk.

More recent literature supports the use of PD as a
cost-effective method. In 2004 Hardwhick et al. con-
cluded PD to be similar in cost to allogenic blood in
orthopaedic procedures, specifically in total hip re-
placement procedures. This study found the mean
cost of one unit of PD to be $391 and one unit of allo-
geneic blood to be $514.25 These findings highlight
the need for further research on the cost-
effectiveness of PD programs, particularly in the AIS
population.

This study’s strength is its inclusion of a homoge-
nous population of AIS patients participating in a
level-one study with a very specific transfusion trig-
ger. Future studies are needed from a larger popula-
tion of patients, including those with non-AIS
pathology, to make more definitive suggestions on
optimal protocol (timing, frequency and indications).
Future studies will also be necessary to develop
guidelines based on volume status, curve type and
magnitude, planned procedure, and BMI. Queries of
multi-center databases may offer additional support-
ive evidence.

Based on the findings of the current study, surgeons
can consider pre-operative donation of autologous
blood in patients undergoing planned AIS spine
surgery without fear of significantly decreasing the
patient’s Hct at incision, or increasing the rate of
overall transfusions. The decreased rate of allogenic
transfusions would make this a safe and effective al-
ternative in patients that meet inclusion criteria for
pre-donation programs. However the potential risks

of allogenic or autologous blood transfusion, benefits
and cost of PD must be thoroughly discussed with
the patient prior to its utilization.
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