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Objective: This study assessed utilization and cost  
of allogeneic blood transfusion (ABT) associated  
with spinal surgery in the United States (US) and 
Belgium.

Methods: A retrospective cohort of 292 864 spinal 
surgery inpatients in US hospitals was pooled 
with a cohort of 27 952 inpatients who had similar 
procedures in Belgian hospitals. Utilization and 
cost data were derived from hospital accounting 
systems. Costs were converted to US dollars. 
Descriptive and multivariate statistics were used to 
describe the factors associated with the use and 
cost of ABT. Missing data, confounding, and variable 
measurement error were addressed using standard 
approaches for observational studies.

Results: US hospitalizations cost $12 044 (SD = 
15 920) over 3.6 days compared to $4010 (SD = 

3586) over 10.3 days in Belgium. Low molecular 
weight heparin was used by 78% of Belgian patients 
and 4% of US patients. Red blood cell utilization 
occurred in approximately 7% of patients from both 
countries; however US patients received 6 units 
compared to 3 units by Belgian patients. US patients 
spent 3.5 ( p < 0.0001) less days in hospital, 1.0 
( p < 0.0001) more days in an intensive care unit, 
used 64% more allogeneic blood (OR = 1.64, 95% CI 
1.53–1.75), and incurred $13 647 ( p < 0.0001) more 
per hospitalization than Belgian patients.

Conclusions: US patients used more blood products, 
had shorter hospital stays, and incurred greater 
costs than Belgian patients. Specialists as attending 
physicians were associated with lower utilization 
of ABT; this may be an administrative change that 
hospitals can implement to reduce utilization and costs.
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Introduction

Spinal surgery can be associated with substantial blood 
loss. Although transfusion of patients with allogeneic 
blood may save their lives, it may also introduce the 
patient to post-operative complications, such as 
infection or severe allergic reaction1–4. Many techniques 
have been developed to reduce the need for blood 
transfusion, including pre-donated autologous blood5–11, 
blood dilution techniques12–17, use of cell salvage18,19, and 
pharmacological interventions such as erythropoietin20 
and antifibrinolytics21–29.

Few studies have been published that have described 
utilization and cost of transfusion services to include 
methods of reducing transfusion services in patients 
undergoing spinal surgeries in the United States (US). 
A recent population-based study of inpatients in the US 
who have undergone spinal surgery described utilization 
and costs of spinal surgery transfusion services only to 
discover that transfusion reduction techniques were 
not widely utilized30. There were no studies found that 
described transfusion utilization and cost in Belgium.

There is a considerable interest in reducing blood 
transfusion services in hospitals to reduce post-
operative complications. This reduction in comorbidity 
can also reduce hospital length of stay and costs. With 
the rising cost of healthcare in the US and globally, 
there is considerable need to reduce post-operative 
compli cations, length of stay, and costs within hospital 
settings.

Although the literature identifies the utilization 
and costs of blood transfusion services in the US with 
various patient populations, the literature is lacking 
studies that describe transfusion service utilization 
and costs in Belgium. Since transfusion services are 
associated with significant comorbidity in patients, 
greater use of services to reduce the need for transfusion 
should be applied. This study describes the costs and 
utilization of transfusion services and products used to 
reduce the need for these services in Belgium and how 
these compare to the US. This study will help describe 
current practices in patient transfusion services in 
the US and Belgium and serve as a benchmark with 
which to measure blood product utilization in the 
future. It is expected that hospital decision makers and 
practitioners will use the results of this study to target 
methods to reduce blood product utilization within 
the hospital setting.

Patients and methods
Study design

A retrospective observational pooled cohort design was 
used to compare blood transfusion services between 

Belgium and the US in spinal surgery patients. This 
design allows for a comparative analysis in which 
patients who underwent similar procedures in both 
countries are compared while allowing for the 
observation of differences in utilization of allogeneic 
blood as well as the use of blood transfusion reduction 
techniques, such as erythropoietin, autologous blood, 
antifibrinolytics, blood dilution techniques and use of 
cell salvage.

Data and patient selection

Patients from the US were selected from Premier’s 
Perspective Comparative Database (PCD).

The PCD is the largest hospital-based, service-level 
comparative database in the US providing detailed 
resource utilization data along with patients’ primary 
and secondary diagnosis and procedure codes from 
over 500 hospitals. Detailed service level information is 
available for each hospital day and includes medication 
inform ation (i.e., drug name and strength, quantity 
dispensed and unit cost). Patient information collected 
includes, but is not limited to, patient demographics 
(i.e., age, gender, and admission source), principal 
and secondary diagnoses, principal and secondary 
procedures, payor, length of stay, cost of care, drug 
utilization, department cost and charge detail, day-of-
stay data, and physician specialty.

Patients from Belgium were selected from the 
Christian Sickness Fund (CSF). The CSF consists of 
the population-based social security data of Belgian 
citizens. In Belgium, citizens are required to belong 
to one of the mutual health providers, of which there 
are three large and a number of smaller ones. One can 
change providers at any time. The CSF is the largest 
of those funds with around 4.2 million members and 
covering 45% of the population; it therefore contains 
a large sample of the population-based social security 
data of Belgian citizens. When Belgians go to a doctor 
they submit the doctor’s bill for reimbursement to one 
of the providers who in turn gets reimbursed by the 
state. These data represent claims for inpatient care 
received from the largest mutual health providers.

The final cohort consisted of 292 864 patients 
from the PCD and 27 952 patients from the CSF 
who underwent spinal surgeries from June 1, 2000 
to June 30, 2003. Patients were selected using similar 
surgery coding. Coding schemes differed between the 
databases, as the PCD uses International Classification 
of Diseases, Ninth Revision, Clinical Modification 
(ICD-9-CM) procedure codes and the CSF uses the 
official fee list of the Belgian healthcare insurance to 
define orthopedic procedures. Due to the difference 
in coding schemes, an orthopedic coding specialist at 
Premier assisted in the matching process. There were 
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11 spinal surgery groups identified. Table 1 identifies 
the matching process.

Measures

Allogeneic blood transfusion includes any use of red 
blood cell units, fresh frozen plasma units or platelet 
units. These blood transfusion services are measured as 
binary variables and serve as the basis for the measure 
of allogeneic blood transfusion. Acquisitions of these 
variables are taken from the patient’s billing records 
from the hospital blood bank department. These 
variables are similarly documented in both datasets.

Utilization of pharmacological products, including 
anticoagulants such as low molecular weight heparin, 
hemostatic agents such as desmopressin and aprotinin, 
have also been assessed as binary variables and coded 
by patient as any use of associated product. These 
products are billed by pharmacy departments within 
the hospitals and appear in the patient standard 
chargemaster, as are blood transfusion products, and 
captured similarly in both the PCD and the CSF.

Outcomes

The burden of transfusion services will be measured 
through outcomes including length of stay in an 
intensive care unit post-surgery, total length of hospital 
stay, discharge to a rehabilitation facility, and total cost 
of inpatient stay. Since both datasets contain day-level 
detail on patient stay in hospital, including room and 
board charges to corresponding care units as well as 
charges for physician services and specialty information, 

total hospital length of stay, intensive care unit length 
of stay and discharge status is readily available in both 
datasets. All length of stay outcomes are captured 
as continuous variables. Trimming techniques were 
implemented with all outcome variables to minimize 
the bias that outliers may introduce. Total length of 
stay and intensive care length of stay were trimmed 
to 180 days. This excluded 21 patients from PCD and 
nine patients from CSF with total length of stay and six 
patients from PCD with intensive care length of stay. 
Costs are from the hospital perspective and, as such, 
total cost represents a summation of total products, 
services, and overheads borne by the hospital at the 
patient level and do not reflect charges assigned to the 
patient. Total cost of inpatient stay was converted to 
US dollars using foreign exchange rates published by 
the US Federal Reserve (www.federalreserve.gov). 
Costs were trans formed into 2003 dollars using the 
Consumer Price Index (CPI; www.bls.gov/cpi). A 
discharge to a rehabilitation facility was coded as a 
binary variable.

Covariates

Covariates that may influence the association between 
allogeneic blood and pharmacological products with 
length of stay, post-operative length of stay in an ICU, 
discharge to a rehabilitation facility, and total inpatient 
costs include demographic characteristics, other treat-
ment characteristics, and surgery type. Demographic 
characteristics, such as age and gender, are readily 
available in both the PCD and the CSF and will 
provide for both adjustments in multivariate models 

Table 1. Patient matching by procedure codes

Title CSF codes PCD ICD-9-CM code Group 

Laminectomy 232794, 232805, 281735, 281746 03.09 5 

Scoliosis surgery  282052, 282063, 281691, 281702 737.* + 81.03, 81.05, 81.08, 81.33, 
81.35, 81.38 

6 

Anterior interbody lumbar fusion 281654, 281665 81.06, 81.36 7 

Posterior interbody lumbar fusion 281676, 281680 81.08, 81.38 8 

Discectomy 281772, 281783, 281794, 281805 80.51 9 

Resection and reconstruction of 
vertebral body(ies) 

281971, 281982 81.65, 81.66 10 

Osteotomy for spondylarthritis 
posterior/anterior phase  

281993, 282004, 282015, 282026 77.29, 77.39 11 

Excision/resection of tumor-posterior 
arc/vertebral body 

281831, 281842, 281956, 281960 77.69 12 

Posterior/posterolateral fusion 281551, 281562, 281573, 281584 81.03, 81.05, 81.33, 81.35 13 

Cervical fusion 281094, 281105  81.01, 81.02, 81.03, 81.31, 81.32, 
81.33 

14 

Surgical treatment of spinal thoracic 
or lumbar fracture 

281514, 281525, 281536, 281540  81.04, 81.05, 81.07, 81.34, 81.35, 
81.37 

15 
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as well as descriptive baseline characteristics. Age is 
not typically captured in the standard chargemaster 
for patient billing processes; however, these databases 
both capture age as a continuous variable. Gender is 
also captured as a binary, male/female variable in both 
datasets. Other variables, such as attending physician 
specialty and surgery type, were used to adjust for 
possible confounding. Physician specialties were coded 
into two groups: specialists (represented primarily by 
neurosurgeons) and others, primarily due to difficulty in 
matching between the two databases. These specialties 
are of the attending physician, who is caring for and 
maintain overall respons ibility for the patient during 
the course of stay and does not represent the individual 
who actually performs the procedure. Therefore, this 
variable may be more reflective of standard practice of 
care responsibility and not the training and skills of the 
surgeon. These groupings were categorized consistently 
for both datasets.

Statistical analysis

The analyses included descriptive statistics describing 
trends in utilization and costs as well as multivariate 
regression models to provide details about the 
association with specific characteristics and the 
outcomes of interest while adjusting for other factors.

Descriptive statistics, including mean, median, 
standard deviation, frequency and percentage of 
variables including demographic, covariates, transfusion 
services, pharmacological products, and resource 
utilization, were stratified by database to provide 
details about utilization and costs.

Ordinary least squares (OLS) regression models 
were used in the adjusted multivariate analyses to 
assess the association between the length of stay 
outcomes and total inpatient costs borne by patients in 
the associated database groups and surgical procedure 
groups while controlling for key demographic and 
associated covariates, including age, gender, and 
physician specialty. OLS assumptions were tested and 
upheld, evidenced by graphical data display as well 
as model convergence. OLS models utilized two-tail 
alpha levels set at 0.05 for consideration of statistical 
significance.

Logistic regression models were used to adjust 
for the effect of key demographic and associated 
covariates, including age, gender, physicians’ specialty, 
and surgery type when observing the effect of region 
on the use of allogeneic blood transfusion and 
discharge to a rehabilitation facility. Logistic regression 
assumptions were tested and upheld, evidenced by 
graphical data display as well as model convergence. 
Both logistic models utilized 95% confidence intervals 
for consideration of statistical significance.

Results

Patient characteristics are presented in Table 2. The 
total sample is made up of 27 952 Belgian patients from 
the CSF and 292 864 US patients from the PCD for a 
total of 320 816 patients. Demographic characteristics 
were similar between the two databases. Females were 
slightly more prevalent in the CSF cohort, accounting 
for just over half of the patients compared to the 
PCD, where males accounted for just over half of the 
patients. Age was also similarly distributed between 
both datasets, with the mean age around 51 years in 
both datasets. The use of bleeding reduction techniques 
is vastly different between the two samples. A low 
percentage of the Belgian patients (6%) and only one 
US patient (0.0%) used tranexamic acid. Desmopressin 
and aprotinin were also hardly utilized by either of the 
patient groups, with both accounting for less than 1% of 
either group. Low molecular weight heparin was highly 
utilized by Belgian patients (78%) compared to only a 
small percentage of US patients (4%). Surgery types 
represented in the samples are similarly distributed 
between datasets. The top procedures in both datasets 
were discectomy (49% of Belgian patients and 44% 
of US patients) and laminectomy (18% of Belgian 
patients and 17% of US patients), while the rest of the 
procedures accounted for less than 12% each in either 
sample.

The length of stay data (Table 3) appears to be very 
different between patients from the CSF database with 
10.27 days (SD = 7.71) compared to 3.58 days (SD = 
5.05) in the US patients. Although there were disparate 
percentages of patients with ICU stays while in hospital 
(5.2% of Belgian patients and 10.0% of US patients), 
Belgian patients spent an average of 4 days in the ICU 
(4.08 days, SD = 8.62) while US patients spent a little 
over 3 days (3.29 days, SD = 5.87). Approximately 
42% of US patients stayed in a rehabilitation unit post-
surgery compared to only 1.4% of Belgian patients. The 
mean length of stay in a rehabilitation unit for Belgian 
patients was 34.13 days compared 4.05 days for US 
patients.

Blood product utilization was similar between 
Belgium and the US (Table 4). Approximately 8% of 
Belgian patients utilized red blood cells compared to 
6% of US patients. US patients utilized approximately 
6 units of red blood cells while Belgian patients utilized 
approximately 3 units. Less than 1% of either the US 
patients (0.2%) or the Belgian patients (0.2%) were 
given platelets. Of the US patients who received 
platelets, the mean number of units given to US 
patients was greater than 20 units, whereas Belgian 
patients were only given about 2.5 units. Fresh frozen 
plasma (FFP) was also scarcely utilized in either sample 
(0.8% of Belgian patients and 0.7% in US patients). 
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However, in those who received FFP, the mean units 
utilized in the US sample was approximately 10 units 
and in the Belgian sample only 4 units.

The results of the OLS model used to measure the 
association between length of stay and various factors 
are presented in Table 5. The US patients spent 3.52 
days less (t = –82.75, p < 0.0001) in hospital than the 
Belgian patients while controlling for gender, age, use 
of bleeding reduction techniques, surgery type, and 
physician specialty. Males spent less than a day shorter 

in hospital than females (0.12, t = –6.61, p < 0.0001). 
For every year of age, patients spent 0.03 more days in 
hospital (t = 57.15, p < 0.0001). Those patients who 
used tranexamic acid spent 1.62 more days in hospital 
than those who did not (t = 12.88, p < 0.0001). 
Patients who used desmopressin spent 3.21 more days 
in hospital than those who did not (t = 22.39, p < 
0.0001). Patients who used aprotinin spent 13.84 more 
days in hospital than those who did not (t = 27.68, 
p < 0.0001). Patients who used low molecular weight 

CSF PCD Total Factors 

N % N % N % 

Total number of patients 27 952 100.00 292 864 100.00 320 816 100.00 

Gender       

Female 14 310 51.10 145 365 49.60 159 675 49.70 

Male 13 642 48.80 147 499 50.30 161 141 50.20 

Age       

Mean/median/SD 50.42/49/14.83 51.57/50/15.62 51.47/50/15.55 

Tranexamic acid       

No 26 324 94.10 292 863 99.90 319 187 99.40 

Yes 1 628 5.80 1 0.00 1 629 0.50 

Desmopressin       

No 27 951 99.90 291 682 99.50 319 633 99.60 

Yes 1 0.00 1 182 0.40 1 183 0.30 

Aprotinin       

No 27 935 99.90 292 784 99.90 320 719 99.90 

Yes 17 0.00 80 0.00 97 0.00 

Low molecular weight heparin       

No 6 272 22.40 279 736 95.50 286 008 89.10 

Yes 21 680 77.50 13 128 4.40 34 808 10.80 

Neurosurgical attending physician specialty       

No 9 509 34.00 132 241 45.10 141 750 44.10 

Yes 18 443 65.90 160 623 54.80 179 066 55.80 

Procedure type       

Laminectomy 5 150 18.40 48 609 16.50 53 759 16.70 

Scoliosis surgery  1 646 5.80 3 372 1.10 5 018 1.50 

Anterior interbody lumbar fusion 1 245 4.40 9 039 3.00 10 284 3.20 

Posterior interbody lumbar fusion 2 098 7.50 35 986 12.20 38 084 11.80 

Discectomy 13 692 48.90 129 277 44.10 142 969 44.50 

Resection and reconstruction of vertebral 
body(ies)  

 
520 

 
1.80 

 
– 

 
– 

 
520 

 
0.10 

Osteotomy for spondylarthritis 
posterior/anterior phase 

 
14 

 
0.00 

 
665 

 
0.20 

 
679 

 
0.20 

Excision/resection of tumor of the 
posterior arc/vertebral body 

 
74 

 
0.20 

 
3 814 

 
1.30 

 
3 888 

 
1.20 

Posterior/posterolateral fusion 185 0.60 8 287 2.80 8 472 2.60 

Cervical fusion 2 838 10.10 45 840 15.60 48 678 15.10 

Surgical treatment of spinal thoracic or 
lumbar fracture 

 
490 

 
1.70 

 
7 975 

 
2.70 

 
8 465 

 
2.60 

 

Table 2. Sample characteristics
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heparin during their hospital stay spent 4.47 more 
days in hospital than those patients who did not (t = 
117.60, p < 0.0001). Compared to the laminectomy 
patients, scoliosis surgery patients spent 2.13 more 
days in hospital (t = 28.57, p < 0.0001), anterior 
interbody lumbar fusion patients spent 0.86 more days 
in hospital (t = 15.94, p < 0.0001), posterior interbody 
lumbar fusion patients spent 0.59 more days in hospital 
(t = 17.49, p < 0.0001), resection and reconstruction of 
vertebral body patients spent 2.02 more days in hospital 
(t = 9.23, p < 0.0001), osteotomy for spondylarthritis 
posterior/anterior phase patients spent 1.42 more days 
in hospital (t = 7.43, p < 0.0001), excision/resection of 

tumor-posterior arc/vertebral body patients spent 6.05 
more days in hospital (t = 73.49, p < 0.0001), posterior/
posterolateral fusion patients spent 3.91 more days in 
hospital (t = 66.84, p < 0.0001), and surgical treatment 
of spinal thoracic or lumbar fracture patients spent 2.02 
more days in hospital (t = 34.91, p < 0.0001), while 
cervical fusion patients spent 1.11 less days in hospital 
(t = –35.07, p < 0.0001) and discectomy patients spent 
0.90 less days in hospital (t = –34.60, p < 0.0001). Of 
the attending physicians, patients with neurosurgeons 
spent 1.05 less days in hospital (t = –57.37, p < 0.0001) 
than those patients with an attending physician from 
another specialty.

CSF PCD Total Factors 

N % N % N % 

Total number of patients 27 952 100.00 292 864 100.00 320 816 100.00 

Length of stay**       

Mean/median/SD (days) 10.27/9/7.71 3.58/2/5.05 4.17/3/5.66 

Intensive care stay**       

No 26 496 94.70 263 314 89.90 289 810 90.30 

Yes 1 456 5.20 29 550 10.00 31 006 9.60 

Mean/median/SD (days) 4.08/2/8.62 3.29/2/5.87 3.33/2/6.03 

Rehabilitation stay**       

No 27 536 98.50 167 652 57.20 195 188 60.80 

Yes 416 1.40 125 212 42.70 125 628 39.10 

Mean/median/SD (days)** 34.13/32/14.49 4.05/3/3.66 4.15/3/4.12 

Total cost ($)* 4 010/2 804/3 586 12 044/7 959/15 920 11 343/7 384/15 415 

*Euros have been converted to US dollars according to the corresponding discharge year’s foreign exchange rate. Costs have been adjusted to 
reflect 2003 US dollars using the Consumer Price Index for the corresponding discharge year 

**Measures of central tendency reflect patients who utilized corresponding services (mean/median/standard deviation) 

Table 3. Resource utilization

Table 4. Blood product utilization

CSF PCD Total Factors 

N % N % N % 

Total number of patients 27 952 100.00 292 864 100.00 320 816 100.00 

Red blood cells (RBC)*       

No 25 815 92.30 275 289 93.90 301 104 93.80 

Yes 2 137 7.60 17 575 6.00 19 712 6.10 

Mean/median/SD* 3.04/2/3.42 6.33/4/9.82 5.97/4/9.39 

Platelets*       

No 27 884 99.70 292 239 99.70 320 123 99.70 

Yes 68 0.20 625 0.20 693 0.20 

Mean/median/SD 2.46/1.5/3.70 22.59/12/40.69 20.61/10/39.12 

Fresh frozen plasma (FFP)*       

No 27 728 99.10 290 724 99.20 318 452 99.20 

Yes 224 0.80 2 140 0.70 2 364 0.70 

Mean/median/SD 4.04/2/4.34 10.51/6/17.08 9.90/6/16.42 

*Measures of central tendency limited to patients who utilized corresponding products 
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The OLS model used to measure the association 
between the length of intensive care stay and various 
factors is presented in Table 6. US patients spent 1.01 
more days (t = 56.43, p < 0.0001) in the ICU than the 
Belgian patients while controlling for gender, age, use 
of bleeding reduction techniques, surgery type, and 
physician specialty. Males spent 0.08 more days in 
the ICU than females (t = 11.49, p < 0.0001). Age, 
although significant, was found to increase length 
of ICU stay by less than 0.01 days with every year 
(t = 4.06, p < 0.0001). Use of tranexamic acid was 
associated with 0.42 more days in the ICU (t = 8.02, 
p < 0.0001). Desmopressin use was associated with 
1.27 more days in the ICU (t = 21.09, p < 0.0001). 
Aprotinin was associated with substantially more days 
in the ICU than all of the other bleeding reduction 
techniques (3.72 days, t = 17.74, p < 0.0001). Low 
molecular weight heparin use was associated with 
1.23 more days in the ICU (t = 76.84, p < 0.0001). 
Compared to the laminectomy patients, scoliosis 
surgery patients spent 0.61 more days in the ICU 
(t = 19.49, p < 0.0001), resection and reconstruction 
of vertebral body patients spent 0.43 more days in 
the ICU (t = 4.67, p < 0.0001), excision/resection of 
tumor-posterior arc/vertebral body patients spent 0.31 

more days in the ICU (t = 8.85, p < 0.0001), posterior/
posterolateral fusion patients spent 1.56 more days 
in the ICU (t = 63.62, p < 0.0001), cervical fusion 
patients spent 0.08 more days in the ICU (t = 6.40, p < 
0.0001), and surgical treatment of spinal thoracic or 
lumbar fracture patients spent 0.48 more days in the 
ICU (t = 19.67, p < 0.0001) while posterior interbody 
lumbar fusion patients spent 0.10 less days in the ICU 
(t = –7.12, p < 0.0001), discectomy patients spent 
0.11 less days in the ICU (t = –10.26, p < 0.0001). 
Anterior interbody lumbar fusion and osteotomy for 
spondylarthritis posterior/anterior phase patients were 
not significantly different from laminectomy patients 
with respect to the number of days spent in the ICU. 
Patients with neurosurgery attending physicians spent 
0.15 less days in the ICU (t = –20.10, p < 0.0001) 
than patients with attending physicians from other 
specialties.

A logistic regression model was used to measure 
the association between the use of allogeneic blood 
and various factors (Table 7). US patients were more 
likely to use allogeneic blood than Belgian patients 
(OR = 1.64, 95% CI = 1.53–1.75) while controlling 
for gender, age, use of bleeding reduction techniques, 
surgery type, and physician specialty. Males were less 

Variable Parameter 
estimate 

Standard 
error 

p-value 

PCD (ref: CSF) –3.52 0.04 < 0.0001 

Male (ref: female) –0.12 0.02 < 0.0001 

Age (continuous) 0.03 0.00 < 0.0001 

Tranexamic acid 1.62 0.13 < 0.0001 

Desmopressin 3.21 0.14 < 0.0001 

Aprotinin 13.84 0.50 < 0.0001 

Low molecular weight heparin 4.47 0.04 < 0.0001 

Procedure type (ref: laminectomy)    

Scoliosis surgery 2.13 0.07 < 0.0001 

Anterior interbody lumbar fusion 0.86 0.05 < 0.0001 

Posterior interbody lumbar fusion 0.59 0.03 < 0.0001 

Discectomy –0.90 0.03 < 0.0001 

Resection and reconstruction of vertebral body(ies) 2.02 0.22 < 0.0001 

Osteotomy for spondylarthritis posterior/anterior phase 1.42 0.19 < 0.0001 

Excision/resection of tumor-posterior arc/vertebral body 6.05 0.08 < 0.0001 

Posterior/posterolateral fusion 3.91 0.06 < 0.0001 

Cervical fusion –1.11 0.03 < 0.0001 

Surgical treatment of spinal thoracic or lumbar fracture 2.02 0.06 < 0.0001 

Physician specialty (ref: other)    

Neurosurgery –1.05 0.02 < 0.0001 

320 816 observations (27 952 from the Christian Sickness Fund (CSF) and 292 864 from the Perspective Comparative 
Database (PCD); F = 5732.69; p < 0.0001; R2 = 0.24 

Table 5. Length of stay: ordinary least squares model
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likely to use allogeneic blood than females (OR = 0.70, 
95% CI = 0.67–0.72). For every year of increasing age 
the likelihood of receiving allogeneic blood increased 
by 2% (OR = 1.02, 95% CI = 1.02–1.02). Patients who 
received tranexamic acid were more likely to receive 
allogeneic blood (OR = 2.20, 95% CI = 1.92–2.52), 
as were patients who received desmopressin (OR = 
2.90, 95% CI = 2.43–3.47), aprotinin (OR = 12.51, 
95% CI = 8.11–19.31), or low molecular weight 
heparin (OR = 2.37, 95% CI = 2.26–2.48). Compared 
to the laminectomy patients, scoliosis surgery patients 
were more likely to receive allogeneic blood (OR = 
5.54, 95% CI = 5.12–6.00), as well as anterior 
interbody lumbar fusion patients (OR = 2.07, 95% CI = 
1.92–2.22), posterior interbody lumbar fusion patients 
(OR = 2.73, 95% CI = 2.60–12.87), resection and 
reconstruction of vertebral body patients (OR = 4.67, 
95% CI 3.76–5.80), osteotomy for spondylarthritis 
posterior/anterior phase patient (OR = 2.72, 95% CI = 
2.18–3.39), excision/resection of tumor-posterior arc/
vertebral body patient (OR = 2.25, 95% CI = 2.04–
2.48), posterior/posterolateral fusion patients (OR = 
4.45, 95% CI = 4.15–4.76), and surgical treatment of 
spinal thoracic or lumbar fracture patients (OR = 3.81, 
95% CI = 3.56–4.08). Discectomy patients (OR = 

0.81, 95% CI = 0.77–0.85) and cervical fusion patients 
(OR = 0.33, 95% CI = 0.30–0.36) were less likely to 
receive allogeneic blood than laminectomy patients. 
Patients who had an attending physician specializing 
in neurosurgery were less likely to receive allogeneic 
blood than those patients who had an attending 
physician specializing in other areas of medicine  
(OR = 0.43, 95% CI = 0.42–0.45).

An OLS model was also used to measure the 
association between the total cost of hospitalization 
measured in 2003 US dollars and various factors while 
adjusting for country of origin in order to assess value 
placed on various products, procedures, characteristics 
(Table 8). Gender differences in costs were not 
significant. Every year of increasing age was associated 
with an increased cost of $11.28 (t = 6.63, p < 0.0001). 
Use of tranexamic acid was associated with a decrease 
in cost of $729.18 (t = –2.01, p = 0.04). Desmopressin 
use was associated with an increased cost of $8058 
(t = 19.51, p < 0.0001). Aprotinin was associated with 
an increased cost of $37 337 (t = 25.93, p < 0.0001), 
higher than all of the other bleeding reduction 
techniques. Low molecular weight heparin use was 
associated with an increased cost of $8406 (t = 76.84, 
p < 0.0001). Compared to the laminectomy procedure, 

Table 6. length of intensive care stay: ordinary least squares model

Variable Parameter 
estimate 

Standard 
error 

p-value 

PCD (ref: CSF) 1.01 0.02 < 0.0001 

Male (ref: female) 0.08 0.01 < 0.0001 

Age (continuous) 0.00 0.00 < 0.0001 

Tranexamic acid 0.42 0.05 < 0.0001 

Desmopressin 1.27 0.06 < 0.0001 

Aprotinin 3.72 0.21 < 0.0001 

Low molecular weight heparin 1.23 0.02 < 0.0001 

Procedure type (ref: laminectomy)    

Scoliosis surgery 0.61 0.03 < 0.0001 

Anterior interbody lumbar fusion –0.03 0.02 0.18 

Posterior interbody lumbar fusion –0.10 0.01 < 0.0001 

Discectomy –0.11 0.01 < 0.0001 

Resection and reconstruction of vertebral body(ies) 0.43 0.09 < 0.0001 

Osteotomy for spondylarthritis posterior/anterior phase 0.07 0.08 0.37 

Excision/resection of tumor-posterior arc/vertebral body 0.31 0.03 < 0.0001 

Posterior/posterolateral fusion 1.56 0.02 < 0.0001 

Cervical fusion 0.08 0.01 < 0.0001 

Surgical treatment of spinal thoracic or lumbar fracture 0.48 0.02 < 0.0001 

Physician specialty (ref: other)    

Neurosurgery –0.15 0.01 < 0.0001 

320  816 observations (27 952 from the Christian Sickness Fund (CSF) and 292 864 from the Perspective Comparative 
Database (PCD); F = 866.47; p < 0.0001; R2 = 0.05 
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Table 7. Allogeneic blood use: logistic model

Table 8. Total hospital cost: ordinary least squares model

Variable Odds ratio 95% CI 

PCD (ref: CSF) 1.64 1.53 1.75 

Male (ref: female) 0.70 0.67 0.72 

Age (continuous) 1.02 1.02 1.02 

Tranexamic acid 2.20 1.92 2.52 

Desmopressin 2.90 2.43 3.47 

Aprotinin 12.51 8.11 19.31 

Low molecular weight heparin 2.37 2.26 2.48 

Procedure type (ref: laminectomy)    

Scoliosis surgery 5.54 5.12 6.00 

Anterior interbody lumbar fusion 2.07 1.92 2.22 

Posterior interbody lumbar fusion 2.73 2.60 2.87 

Discectomy 0.81 0.77 0.85 

Resection and reconstruction of vertebral body(ies) 4.67 3.76 5.80 

Osteotomy for spondylarthritis posterior/anterior phase 2.72 2.18 3.39 

Excision/resection of tumor-posterior arc/vertebral body 2.25 2.04 2.48 

Posterior/posterolateral fusion 4.45 4.15 4.76 

Cervical fusion 0.33 0.30 0.36 

Surgical treatment of spinal thoracic or lumbar fracture 3.81 3.56 4.08 

Physician specialty (ref: other)    

Neurosurgery 0.43 0.42 0.45 

320  816 observations (27 952 from the Christian Sickness Fund (CSF) and 292 864 from the Perspective 
Comparative Database (PCD); likelihood ratio test χ2 = 21 293 (df = 18), p < 0.0001; convergence satisfied 

Variable Parameter 
estimate ($) 

Standard error p-value 

PCD (ref: CSF) 13 647.00 122.64 < 0.0001 

Male (ref: female) –24.60 50.30 0.62 

Age (continuous) 11.28 1.70 < 0.0001 

Tranexamic acid –729.18 363.24 0.04 

Desmopressin 8 058.49 413.05 < 0.0001 

Aprotinin 37 337.00 1 439.83 < 0.0001 

Low molecular weight heparin 8 406.71 109.41 < 0.0001 

Procedure type (ref: laminectomy)    

Scoliosis surgery 13 901.00 214.54 < 0.0001 

Anterior interbody lumbar fusion 10 471.00 155.94 < 0.0001 

Posterior interbody lumbar fusion 9 040.35 96.65 < 0.0001 

Discectomy 754.28 74.64 < 0.0001 

Resection and reconstruction of vertebral body(ies) 3 315.33 630.83 < 0.0001 

Osteotomy for spondylarthritis posterior/anterior phase 1 917.65 549.78 < 0.01 

Excision/resection of tumor-posterior arc/vertebral body 4 741.71 236.97 < 0.0001 

Posterior/posterolateral fusion 18 234.00 168.65 < 0.0001 

Cervical fusion 1 422.80 91.09 < 0.0001 

Surgical treatment of spinal thoracic or lumbar fracture 11 567.00 166.92 < 0.0001 

Physician specialty (ref: other)    

Neurosurgery –2 546.46 52.64 < 0.0001 

320 816 observations (27 952 from the Christian Sickness Fund (CSF) and 292 864 from the Perspective Comparative 
Database (PCD); F = 3254.81; p < 0.0001; R2 = 0.15 
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scoliosis surgery was associated with an increased cost 
of $13 901 (t = 64.79, p < 0.0001), anterior interbody 
lumbar fusion was associated with an increased cost of 
$10 471 (t = 67.15, p < 0.0001), posterior interbody 
lumbar fusion was associated with an increased 
cost of $9040 (t = 93.53, p < 0.0001), discectomy 
was associated with an increased cost of $754 (t = 
10.11, p < 0.0001), resection and reconstruction of 
vertebral body(ies) was associated with an increased 
cost of $3315 (t = 5.26, p < 0.001), osteotomy for 
spondylarthritis posterior/anterior phase was associated 
with an increased cost of $1917 (t = 3.49, p < 0.01), 
was associated with an increased cost of $4741 (t = 
20.01, p < 0.0001), posterior/posterolateral fusion 
was associated with an increased cost of $18 234 (t = 
108.12, p < 0.0001), cervical fusion was associated with 
an increased cost of $1423 (t = 15.62, p < 0.0001), and 
surgical treatment of spinal thoracic or lumbar fracture 
was associated with an increased cost of $11 567 (t = 
69.29, p < 0.0001). Neurosurgical attending physicians 
were associated with a decreased cost of $2546 (t = 
–48.37, p < 0.0001) compared to other specialties.

Discussion

This study illustrates both the differences as well as the 
similarities in utilization and cost of blood transfusion 
services and associated products in the US and Belgium. 
This is the first study to assess the burden of blood 
transfusion in spinal surgery patients from both the US 
and Belgium.

Demographic characteristics such as gender and age 
were similarly distributed between the CSF and PCD 
databases with an almost equal distribution between 
males and females; over 80% of the patients were 
non-elderly adults. The distribution of procedures also 
seemed to be very similar between the two groups. 
There appeared to be a slightly greater rate of specialists 
serving as the attending physician in the CSF than in the 
PCD. Products used during the procedures appeared to 
be similar with the exception of low molecular weight 
heparin. Only one patient received tranexamic acid 
in the PCD compared to 5.8% of patients in the CSF. 
Desmopressin and aprotinin were used by less than 1% 
of patients in either the CSF or the PCD. However, 
low molecular weight heparin was used by 77.5% of 
patients in the CSF compared to only 4.4% in the 
PCD. Few explanations exist for the vast differences 
in treatment patterns between the US and Belgium, 
except that in a broader perspective, the healthcare 
systems are quite different. Belgium has more of a 
social healthcare system where everyone has access to 
healthcare services, whereas the US healthcare system 
is largely competitive. These differences in healthcare 

system design on a national level may affect resources 
and ultimately access to care and products for patients.

Comparable to the findings by Blanchette et al.30, 
resource utilization on the whole is similar in the 
US and Belgium; however differences persist. The 
length of inpatient hospital stay is more than twice 
as long in Belgium than the US. However, the mean 
number of days in the ICU was greater in the US than 
Belgium. Although the mean number of inpatient 
days per hospitalization was much higher in Belgium, 
the standardized costs were much lower compared 
to the US, which were nearly three times higher. 
This is mostly due to a combination of differences in 
healthcare systems as well as the purchasing power 
of the currency. Use of blood products were similar 
between the two with respect to platelets and FFP; 
however, slightly more patients in the PCD were 
transfused with RBCs compared to the CSF. Of those 
transfused, patients in the PCD consistently used more 
RBCs, platelets, and FFP.

The multivariate models revealed that the drivers 
of resource utilization, including length of stay, 
length of intensive care stay, and blood product use, 
included desmopressin, aprotinin, and low molecular 
weight heparin while tranexamic acid was found 
to be associated with reduced resource utilization. 
Desmospressin, aprotinin, and low molecular weight 
heparin were found to be associated with an increased 
cost of hospitalization. Tranexamic acid was the only 
product found to be associated with a decreased cost of 
hospitalization. Specialist attending physicians were also 
found to be associated with a decreased cost and length 
of hospitalization as well as the length of ICU stay.

This study identifies three key factors about the 
burden of transfusion services in the US and Belgium. 
The first is that characteristics of patients undergoing 
spinal surgery in the US and Belgium are very 
similar and the procedures used to treat patients are 
performed at similar rates. The second is that products 
used to decrease the need for blood transfusion are 
similarly used in both nations, with the exception of 
low molecular weight heparin, which is utilized more 
in Belgium. The third factor is that there is no single 
product that has been found to both reduce hospital 
or ICU length of stay while also reducing the cost of 
hospitalization. The only factor found to be associated 
with a reduction in both hospital length of stay or ICU 
length of stay and reduce the cost of hospitalization is 
the use of a specialist as the attending physician. Due to 
limitations of the data, there was no risk adjuster used 
to balance patients on their potential for bleeding or 
complications which may bias the results of the study, 
so the significant factors may be more attributable to 
cases at greater risk of bleeding; however, procedures 
were included as covariates as was a variable indicating 
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that a specialist served as the attending physician. The 
specialist may serve as risk adjuster in this circumstance, 
as it would be expected that the specialists may receive 
more complicated cases. The type of surgery also serves 
as a risk adjuster, as some of the surgery types incur 
a higher bleeding risk than others. Findings in these 
analyses reveal that a specialist attending physician 
may be associated with a reduced risk of complications 
as measured via proxy, cost and resource.

Limitations of this study include potential biases 
inherent to all analyses of secondary data including 
missing data, confounding, and variable measurement 
error. Only patients with complete data were selected 
for inclusion into the study. Confounding may have 
been introduced in this study through a selection bias 
for receiving bleeding products. Details of a patient’s 
risk for bleeding was not readily available. As a proxy 
for risk, patients were grouped according to surgical 
type, as certain surgical types are more invasive and 
pose a greater risk of bleeding. Although this method 
was implemented, it by no means controls for the 
individual patient or procedure characteristics that may 
influence bleeding risk. The measurement of items 
such as blood products and pharmacological treatment 
may be an overestimate or underestimate of services 
or products the patient actually received. Also, there 
may be products used to reduce the need for blood 
transfusion services that were not captured. Only 
products available in the CSF were assessed in the PCD. 
The measures of data such as those in PCD and CSF are 
a reflection of billed services, which are assumed to be 
an accurate description of services and products received 
by the corresponding patient. Costs assigned to each 
product are set by the hospital accounting systems and 
differentiated from charges. Variation in costs are wide; 
however, they reflect the true costs borne by hospitals 
and are appropriate as this study was performed from 
the hospital perspective. Also, although costs have been 
converted to US dollars, there is a difference between 
the US and Belgium with respect to purchasing power 
that has not been addressed in this study. Costs should 
be interpreted as a reference in distribution of resources 
for blood products and associated interventions and not 
comparable between the US and Belgium. Also, OLS 
was used to estimate total cost and the authors believe 
the estimate to be unbiased; however, the estimate may 
be unstable because the distribution was not perfectly 
normal and was potentially inefficient due to minimal 
heteroskedasticity.

Conclusion

This study suggests that current preventative treatments 
for blood transfusion services used in spinal surgery 

either in the US or in Belgium are limited in their 
ability to actually reduce the number of inpatient or 
intensive care days and total hospital costs. However, 
using specialists as the attending physician may be an 
administrative process that reduces the use and cost of 
blood transfusion services. Future research should focus 
on the development of products and organizational 
changes that seek to achieve both a reduction of services 
and costs in both the Belgium and US markets.
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