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Abstract BACKGROUND CONTEXT: Allogeneic blood transfusions have an immunomodulating effect,
and the previous studies in other fields of medicine demonstrated an increased risk of infections
after administration of allogeneic blood transfusions.
PURPOSE: Our primary null hypothesis is that exposure to allogeneic blood transfusion in pa-
tients undergoing lumbar spine surgery is not associated with postoperative infections after control-
ling for patient and treatment characteristics. Second, we assessed if there was a dose-response
relationship per unit of blood transfused.
STUDY DESIGN/SETTING: This is a retrospective cohort study from a tertiary care spine refer-
ral center.
PATIENT SAMPLE: A total of 3,721 patients underwent laminectomy and/or arthrodesis of the
lumbar spine.
OUTCOMES MEASURES: Postoperative infections, pneumonia, endocarditis, meningitis, uri-
nary tract infection, central venous line infection, surgical site infection, and sepsis, within 90 days
after lumbar spine surgery were included.
METHODS: Multivariable logistic regression analyses were used to assess the relationship of
perioperative allogeneic blood transfusion with specific and overall postoperative infections
accounting for age, duration of surgery, duration of hospital stay, comorbidity status,
preoperative hemoglobin, sex, type of operation, multilevel treatment, operative approach,
and year of surgery.
RESULTS: The adjusted odds ratio for exposure to allogeneic blood transfusion from multivari-
able logistic regression analysis was 2.6 for any postoperative infection (95% confidence interval
[CI]: 1.7–3.9, p!.001); 2.2 for urinary tract infections (95% CI: 1.3–3.9, p5.004); 2.3 for pneu-
monia (95% CI: 0.96–5.3, p5.062); and 2.6 for surgical site infection requiring incision and
drainage (95% CI: 1.3–5.3, p5.007). Secondary analyses demonstrated no dose-response rela-
tionship between the number of blood units transfused and any of the postoperative infections.
Because of the low number of endocarditis (1 case, 0.031%), meningitis (1 case, 0.031%), central
venous line infection (1 case, 0.031%), and sepsis (14 cases, 0.43%), we abstained from multi-
variable analysis.
CONCLUSIONS: Conscious of the limitations of this retrospective study, our data suggest an in-
creased risk of surgical site infection, urinary tract infection, and overall postoperative infections,
but not pneumonia, after exposure to allogeneic blood transfusion in patients undergoing lumbar
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spine surgery. These findings should be taken into account when considering blood transfusion and
developing transfusion policies for patients undergoing lumbar spine procedures. � 2015 Elsevier
Inc. All rights reserved.
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Introduction

Approximately 85 million units of packed red blood cells
are transfused annually worldwide [1,2]. However, blood
transfusion policies became more restrictive over the past
decade [3] as there is growing evidence that allogeneic
blood transfusions (i.e., blood from a genetically
nonidentical donor) are associated with an increased risk
of postoperative infections [4], cancer recurrences, de-
creased survival in cancer patients [5–7], and other direct
transfusion-associated risks (e.g., transfusion-transmissible
infections and transfusion errors) [1]. The increased risk
of postoperative infections is explained by the immunomo-
dulating effects of allogeneic blood transfusions [4,8–10].
This effect was first hypothesized in 1973 in a study demon-
strating improved graft survival of patients who received al-
logeneic blood transfusion before kidney transplantation
[11]. Although the exact mechanism is still unclear [4,12],
many subsequent clinical and laboratory studies confirmed
the immunosuppressive effect of blood transfusions [9,12].

Blood transfusion is commonly (20–36%) used in spine
surgery and aims to improve the oxygen transport capacity
of the blood and, therefore, tissue oxygenation [13,14]. The
number of units transfused perioperatively is associated
with the age of the patient, comorbidities, number of levels
instrumented, preoperative hemoglobin, duration of sur-
gery, and complexity of the operation [14–16]. The unto-
ward effects of blood transfusion specifically on surgical
site infections after spine surgery have previously been
demonstrated in two relatively small case-control studies
[17,18]. However, the influence of allogeneic blood transfu-
sion on other postoperative infections, such as urinary tract
infection and pneumonia, has not been studied.

Understanding the association of blood transfusion with
postoperative infections can help guide future transfusion
policies and the management of blood loss during spine
surgery. Alternative measures to reduce the need for alloge-
neic blood transfusions include methods to minimize blood
loss, preoperative blood donation, reinfusion, and cell sal-
vage techniques, and the use of erythropoietin and antifibri-
nolytic agents [17].

This study aims to assess whether perioperative alloge-
neic blood transfusion is associated with a higher rate
of postoperative infections within 90 days after lumbar
spine surgery. Our primary null hypothesis is that exposure
to allogeneic blood transfusion is not independently associ-
ated with specific and overall postoperative infections in
multivariable logistic regression analyses accounting for
patient and operative treatment characteristics. Second,

we assessed if there was a dose-response relationship be-
tween the number of blood units transfused and postopera-
tive infections.

Material and methods

Study design and participants

This retrospective study was approved by the institution-
al review board, and a waiver of informed consent was
granted. We used five Current Procedural Terminology
(CPT) codes to identify patients who underwent a laminec-
tomy and/or arthrodesis of the lumbar spine (Appendix 1).
Medical record data of patients with one of these CPT co-
des were retrieved through our Research Patient Data
Registry. This is a centralized clinical data registry covering
patients from a tertiary care referral center. It comprises di-
agnostic codes (International Classification of Diseases,
ninth revision [ICD9] code), billing (CPT) codes, demo-
graphic information (e.g. sex, date of birth, and race), clin-
ical encounters, transfusion data, laboratory values, and
operative and radiology reports.

We included patients older than 18 years who underwent
operative treatment between 2001 and 2013 at our institu-
tion with one of the five aforementioned CPT codes. Exclu-
sion criteria were cervical or thoracic procedures; clinical
follow-up less than 90 days; preexisting infection of the
spine; and lumbar spine procedure for a fracture, pseudarth-
rosis, malignancy, or scoliosis. Presence of a preexisting in-
fection, fracture, pseudarthrosis, malignancy, and scoliosis
was based on the operative report. Only the first spine pro-
cedure was included when a patient had multiple lumbar
spine procedures at our institution.

Outcome measures and explanatory variables

Our primary outcomes were postoperative infections, in-
cluding pneumonia, endocarditis, meningitis, urinary tract
infection, central venous line infection, surgical site infec-
tion, and sepsis, within 90 days after lumbar spine surgery.
These infections were identified through infection-specific
ICD9 codes (Appendix 2). Medical records of patients with
one of these ICD9 codes were reviewed by two research
fellows (SJ, YB), blinded for the explanatory variable allo-
geneic blood transfusion, to assess if the infection fulfilled
the predefined criteria: pneumonia is defined as symptoms
clinically consistent with pneumonia and with a positive
sputum culture or with empirical start of antibiotics; endo-
carditis is defined as symptoms, electrocardiography and/or
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