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Abstract
Study Design: Retrospective Cohort Study.

Objective: The purpose of this study was to determine the effect of low bone mineral density (BMD), as assessed by
preoperative Dual-energy X-ray Absorptiometry (DEXA) scans, on intraoperative blood loss following adult spinal deformity
(ASD) surgery.

Methods: Patients who received spinal fusion for ASD (>5 levels fused) at a single academic center from 2010-2018 were
included in this study. The lowest preoperative T-score was recorded for patients who had preoperative DEXA scans within a
year of surgery. Patients with liver/kidney disease or on prescription anticoagulant medication were excluded. Major blood loss
was a binary variable defined as above or below the 90 percentile of our cohort. Binomial regression was performed
controlling for age, number of vertebrae fused, 3-column osteotomy, primary vs. revision surgery, preoperative platelet count,
and if the patient was taking medication for osteoporosis.

Results: 91 patients were identified in the cohort. Mean age was 63 + | 1.6 years, 81% female. 56 (62%) of cases included
revision of previous instrumentation. Patients had a mean SVA of 9.6 £ 8.6 cm and median of 9 vertebrae fused (range 5-22). The
average T-score was -1.2  1.0. Each point lower T-score was associated with significantly higher odds of major blood loss (OR
2.5,95% CI 1.0 — 5.9) when controlling for age, number of vertebrae fused, 3-column osteotomy, preoperative platelet count
and primary vs. revision surgery.

Conclusions: Preoperative T-score is independently associated with increased odds of major blood loss in ASD surgery.
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and revision surgery, intraoperative blood loss is an unfor-
tunately common perioperative complication.*” The relation-
ship between intraoperative blood loss and adverse postoperative
outcomes is well known, and patients with increased blood loss
following ASD surgery have been shown to be at higher risk of
both spinal complications as well as non-spinal adverse events
such as postoperative delirium.* As such, it is crucial to de-
termine modifiable risk factors for perioperative blood loss
following ASD surgery and ultimately rectify these predisposing
factors in patients needing surgery.

One risk factor for adverse events following spine surgery
is bone mineral density (BMD), which is a measurement of the
amount of bone mineral within bone tissue.'® At present, dual-
energy X-ray absorptiometry (DEXA) scans are the gold-
standard imaging tool used for measuring BMD.'' Regardless
of operative treatment, low BMD has been shown to worsen
the natural course of spinal deformity.'? In ASD patients who
undergo spinal arthrodesis, low BMD has also been associated
with severe postoperative complications such as proximal
junction failure."*"'® Although an association between low
preoperative BMD and suboptimal outcomes following spinal
surgery is evident, additional research is needed to determine
the effects of low BMD and specific outcomes such as in-
traoperative blood loss in patients undergoing ASD surgery.

Previous studies have reported on several risk factors for
blood loss following ASD surgery, including increased in-
vasiveness of surgery, malalignment in both coronal and
sagittal planes, and osteoporosis.* However, we are not aware
of any studies that have directly assessed the relationship
between preoperative BMD and postoperative blood loss
following ASD surgeries. Thus, the purpose of this study was
to determine the effect of low BMD, as assessed by preop-
erative DEXA scans, on intraoperative blood loss following
surgical correction of ASD.

Methods

Patient Sample

This study was approved by our medical center’s institutional
review board under IRB00135145, including a waiver of
HIPAA privacy authorization allowing for retrospective chart
review of patient records without patient consent. We retro-
spectively reviewed patients >18 years of age with a diagnosis
of ASD who underwent posterior spinal fusion surgery
with >5 vertebral levels fused from 2010 to 2018 at a single
institution’s orthopaedic spine surgical practice. Patients were
included from our multi-provider group and were treated by
one of three fellowship-trained spinal surgeons with between
7-20 years of experience following orthopaedic surgery res-
idency and spinal surgery fellowship. All patients were
consecutively reviewed from 2010-2018 for potential inclu-
sion into this study. We included patients who had a preop-
erative DEXA scan within a year prior to surgery. Patients
with liver/kidney disease or on prescription anticoagulant

medication were excluded. To eliminate the potential con-
founding effect of patients taking prescription anticoagulant
medications on our primary outcome of intraoperative blood
loss, patients were excluded who were taking prescription
anticoagulant medications prior to surgery. Since patients un-
dergoing ASD surgeries at our institution routinely have DEXA
scans performed at outside hospitals, 205 of the 296 patients
initially deemed eligible for inclusion did not have DEXA scans
within a year of surgery on retrospective chart review. Ex-
clusion of these patients yielded 91 patients in the cohort.

Clinical Data

Medical records were reviewed for covariates that may have
influenced operative blood loss, including age, previous surgical
history, preoperative platelet count, and hemoglobin. DEXA scan
results can include a variety of different measurements, usually at
the femoral neck, lumbar spine, and distal radius. Given the
heterogeneity of reporting these measurements, and that all
DEXA scan reports do not include every standard measurement,
the patient’s lowest T-score was used as the measure of bone
mineral density for this study. For patients with prior lumbar spinal
fusion surgery, the lumbar spine measurement was not used.
Medical records were also reviewed for the use of medications
intended to increase bone mineral density (bisphosphonates and
parathyroid hormone analogues). Our primary outcome measure
of intraoperative blood loss was quantified by reviewing anes-
thesiology records. Operative time was recorded from incision to
skin closure, also as reported in the anesthesia medical record.
Radiographic measurements were recorded from the pa-
tient’s most recent standing scoliosis radiographs prior to sur-
gery. For descriptive purposes, radiographic measurements
described in this study included sagittal vertical axis (SVA),
pelvic tilt (PT), coronal Cobb angle, and thoracic kyphosis (TK).

Statistical Analysis

Descriptive statistics were reported as either means + standard
deviation (SD) or N (%), unless stated otherwise. “Major”
blood loss was characterized as a binary variable, using the
90™ percentile level of blood loss according to the population
of patients in our study cohort.

In order to examine the relationship between bone mineral
density and major blood loss, binomial logistic regression was
used, with predetermined covariates that were selected by the
principal investigator. Covariates were selected based on clinical
relevance and were limited to reduce collinearity and overfitting.
These covariates included age, the number of vertebrae fused, if
the patient had a 3-column osteotomy, primary vs. revision
surgery, preoperative platelet count, and if the patient was taking
medication for the purpose of augmenting bone mineral density.

Patients were also classified as being osteoporotic (lowest
T score <-2.5), osteopenic (lowest T score >-2.5 and <-1) or
normal (lowest T score >-1) in an additional analysis. Student
t-test was used to compare those with normal bone mineral



Harris et al.

155

density to those with osteoporotic bone mineral density. Ad-

ditional analysis compared blood loss between those with and

without treatment with medications to increase bone density.
Significance was set at P < .05 for all statistical tests.

Results

Patient Characteristics

Ninety-one patients were identified in the cohort. Mean age
was 63 + 11.6 years, 81% female. 56/91 (62%) of cases in-
cluded revision of previous instrumentation. The average T-
score was -1.2 = 1.0. Mean EBL was 1698 + 798 mL, and 27
(30%) of patients had a 3-column osteotomy. 55 (66%) pa-
tients had previously performed spinal surgery with a median
of 9 vertebrae fused (range 5-22). The mean BMI was 29 + 6.6,
mean platelet count was 248 + 82, and preoperative hemo-
globin was 13 + 2.0 (Table 1). Patients had a mean SVA of
9.6 = 8.6 cm, pelvic tilt of 30 + 11°, coronal cobb angle of
33 + 14°, thoracic kyphosis of 34 + 13°, pelvic incidence
of 63 £ 18°, lumbar lordosis of 36 +27°, and sacral slope of
33 £17.

A total of 24 patients (26%) were treated for osteoporosis
preoperatively, 22 (24%) patients were treated with ter-
iparatide, 1 patient was treated with alendronate, and 1 was
treated with raloxifene. Of the patients treated with osteo-
porosis medications, treatment duration was a mean of 7.3 +
5.3 months. The difference in estimated blood loss between
those taking (mean 1870£752 mL) or not taking (mean
1701+£808 mL) osteoporosis medications was not statistically
significant (P = .38).

Table I. Demographic and Surgical Characteristics.

Characteristics N (%)
vaAge 63+ 12
Gender, (% female) 73 (80)
Race
Caucasian 71 (77)
African American 7(7.7)
Asian 2 (22)
Other I (12)
T Score (lowest) —1.2 £ 1.03
EBL 1698 + 798
3-Column osteotomy 27 (30)
Previous spine surgery 56 (66)
Number of levels fused® 9 (5, 22)
Body Mass index 29 £ 6.6
Preoperative platelet count 248 + 82
Preoperative hemoglobin 13+£20

Abbreviations: EBL indicates estimated blood loss; SVA, sagittal vertical axis;
PT, pelvic tilt; TK, Thoracic Kyphosis

*Data presented as mean + standard deviation.

’Data presented as median (range).

Association Between Bone Mineral Density and
Intraoperative Blood Loss

Each point lower T-score was associated with significantly
higher odds of major blood loss (OR 2.5, 95% CI 1.0 — 5.9)
when controlling for age, the number of vertebrae fused, 3-
column osteotomy, preoperative platelet count and primary vs.
revision surgery (Table 2).

In the osteoporotic group, mean EBL was 2383 +£ 1,019 mL.
In the osteopenic group, mean EBL was 1744 + 816 mL. In the
normal BMD group, mean EBL was 1482 + 622 mL. The
patients with normal bone mineral density had significantly less
blood loss than patients with osteoporotic bone mineral density
(P<.01; Figure 1). The difference between osteoporotic and
osteopenic groups was not significantly different (P > .05;
Figure 1).

Discussion

Since blood loss has been shown to be a major source of
postoperative morbidity in ASD patients, understanding risk
factors for major intraoperative blood loss is crucial for
preoperative risk stratification and intraoperative planning.®
The present study demonstrates that lower preoperative bone
mineral density is an independent predictor of major intra-
operative blood loss in ASD patients undergoing surgery.
Specifically, each standard deviation of the T score lower the
mean was associated with 2.5 times greater odds of having
major intraoperative blood loss.

Osteoporosis, the underlying pathology quantified by BMD,
is an important consideration for patients undergoing any or-
thopaedic procedure.'”'® In 2014, over 50 million Americans
had low bone mass or osteoporotic bone, and this number has
likely increased in the past few years with the population’s
expanding age.” Given the increasing focus of surgeons on
perioperative risk stratification, osteoporosis is becoming in-
creasingly recognized as a risk factor for complications fol-
lowing spinal surgery, such as nonunion, instrumentation
failure, and fracture.”® This paradigm is consistent with adult
spinal deformity surgeries as well, as several studies have
identified osteoporosis as a risk factor for proximal junctional
kyphosis in spinal deformity patients undergoing surgical
correction.

Although there is a paucity of literature examining the
specific relationship between BMD and blood loss, previous
studies have investigated other risk factors for increased
intraoperative blood loss in patients undergoing spine
surgery.*®*! In a previously published retrospective study of
176 ASD patients conducted at our institution, we demon-
strated that osteoporosis was an independent risk factor for
major blood loss in ASD patients (OR = 2.4), with additional
independent risk factors being three-column osteotomy (OR =
4.1), arthrodesis of 11 or more levels (OR = 3.2), and ma-
lalignment in both coronal and sagittal planes (OR = 3.2).
Other previously established risk factors for blood loss in ASD
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Table 2. Univariate and Multivariate Analysis of Factors Associated with Major Blood Loss During Adult Spinal Deformity surgery.

Univariate Analysis

Multivariate Analysis

Characteristics Odds Ratio P Value Odds Ratio P Value
T-Score (lowest) 1.79 [1.05, 3.06] .032 2.47 [1.03, 5.89] .042
Age 1.01 [.97, 1.05] .595 1.03 [.98, 1.09] .288
Number of levels fused .87 [.76, 1.02] .085 .83 [.64, 1.00] .046
3-Column osteotomy .55 [.19, 1.55] .256 46 [11, 1.93] .288
Previous spine surgery 1.46 [.55, 3.87] 446 1.04 [.23, 4.61] 962
Preoperative platelet count 1.01 [1.00, 1.02] .010 1.01 [1.00, 1.02] .085
Taking medication for osteoporosis .89 [.29, 2.69] .832 2.63 [.39, 17.7] 321

Significance was set to P < .05 for all statistical tests including those bolded in this table.

*k

EBL (ml)
1,500 2,000 2,500

1,000

500

Osteoporotic BMD Osteopenic BMD Normal BMD

Figure |. Estimated Blood Loss During Adult Spinal Deformity
Surgery Stratified by Preoperative Bone Mineral Density

surgeries include age of 65-years or older, American Society
of Anesthesiologists (ASA) classification of 3 or greater,
cardiac comorbidities, bleeding disorder, and longer operative
time, 62223

The present study thus adds to existing literature by
identifying low BMD T-score as an independent risk factor for
intraoperative blood loss. Furthermore, we quantify the extent
to which low BMD T-score is associated with intraoperative
blood loss. Interestingly, Cao, et al conducted a single-
institution retrospective review of 122 patients who under-
went kyphoplasty for osteoporotic vertebral compression
fractures and found no significant relationship between BMD
and blood loss.>* Instead, operative time, percentage of ver-
tebral height loss, and percentage of vertebral height resto-
ration were significant predictors of blood loss in their
investigation. This may be because kyphoplasty is a percu-
taneous surgery which inherently has lower risk of blood loss
compared to more extensive spine surgeries such as ASD
surgery. Since ASD surgeries are among the most invasive
types of spine surgeries, this discrepancy may suggest that the
degree of impact that BMD has on intraoperative blood loss

may be somewhat influenced by surgical invasiveness. In
other words, lower BMD may potentially be associated with a
greater degree of blood loss in more invasive surgeries such as
ASD correction, compared to less invasive spinal procedures.
Increased blood loss may lead to unnecessary transfusions,
anemia, and increased length of stay.*>’

It is important to note that preoperative BMD is potentially
modifiable through medications like bisphosphonates or
parathyroid hormone analogs.'**>2’ In a prospective case
series, Yagi, et al demonstrated that treatment of osteoporosis
with teriparatide led to decreased incidence of proximal
junctional kyphosis, suggesting that it may be beneficial to
medically optimize osteoporotic patients prior to deformity
surgery to reduce postoperative spinal complications.'® Since
the present study establishes a direct relationship between low
BMD and blood loss, an additional benefit of addressing low
bone mineral density in ASD patients may be to minimize
intraoperative blood loss and associated postoperative mor-
bidity. Further, our findings also have implications for pre-
operative patient counseling. Patients who have osteoporosis
may be counseled by their surgeons that their risk of blood loss
may potentially be higher than that of the general ASD
population. With this information, patients and spine surgeons
can collectively identify the level of risk ASD surgery poses
for the patient, assess if any preoperative measures to improve
BMD may be effective, and ultimately determine the best
approach for optimizing surgical outcomes.

The conclusions of this study should be interpreted in the
context of its limitations. First, we recognize that there are
many potentially confounding factors that contribute to major
blood loss in ASD patients. To address this potential limitation,
our study controlled for age, surgical invasiveness, preoperative
platelet count, and preoperative osteoporosis medications.
However, there were other factors, including preoperative
coagulation laboratory values (i.e., INR/PT/PTT), the use of
antifibrinolytics, which we were unable to control for. Second,
due to the retrospective nature of our study, we describe an
association between low BMD and blood loss without estab-
lishing causality. Third, some studies have reported decreased
sensitivity of DEXA scan for identifying osteoporosis in ASD
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patients compared to the general population.'* At present,
DEXA is still the gold-standard for determining BMD. Fur-
thermore, DEXA scans were utilized in this study to directly
quantify BMD, and not to make a designation of osteoporosis.
Future investigations should seek to determine if there is a
causal relationship between treatment of osteoporosis and in-
traoperative blood loss in ASD patients. Further, 80% of the
patients in this cohort were female, which may limit the
generalizability of our findings to males. It is important to note
that both adult spinal deformity and DEXA scans are most
prevalent in females. In addition, further work should be done to
determine the optimal mean arterial blood pressure and TXA
dosing regimen for simultaneously reducing blood loss and
optimizing outcomes in ASD patients with low BMD. Finally,
data on postoperative hemoglobin and transfusion rates was not
available at the time we performed this study.

Conclusion

Preoperative T-score is independently associated with increased
odds of major blood loss in ASD surgery. As such, T-score may
be a useful metric for risk stratifying patients undergoing ASD
surgery who are at increased risk of major blood loss.
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