
Spinal Deformity Surgery
of Blood Loss and Transfusion Requirement After Adult 
Decision Tree-based Modelling for Identification of Predictors

Tina Raman, Dennis Vasquez-Montes, Chris Varlotta, Peter G. Passias and Thomas J. Errico

http://ijssurgery.com/content/early/2020/02/19/7012
 published online 26 February 2020Int J Spine Surg 

This information is current as of April 10, 2024.

Email Alerts
http://ijssurgery.com/alerts
Receive free email-alerts when new articles cite this article. Sign up at: 

© 2020 ISASS. All Rights Reserved. 
Aurora, IL 60504, Phone: +1-630-375-1432
2397 Waterbury Circle, Suite 1,
The International Journal of Spine Surgery

 by guest on April 10, 2024http://ijssurgery.com/Downloaded from  by guest on April 10, 2024http://ijssurgery.com/Downloaded from 

http://ijssurgery.com/content/early/2020/02/19/7012
http://jpm.iijournals.com/alerts
http://ijssurgery.com/
http://ijssurgery.com/


International Journal of Spine Surgery, Vol. 00, No. 00, 0000, pp. 000–000
https://doi.org/10.14444/7012
�International Society for the Advancement of Spine Surgery

Decision Tree-based Modelling for Identification of

Predictors of Blood Loss and Transfusion Requirement

After Adult Spinal Deformity Surgery

TINA RAMAN, MD, DENNIS VASQUEZ-MONTES, MS, CHRIS VARLOTTA, BS, PETER G. PASSIAS, MD,
THOMAS J. ERRICO, MD

Department of Orthopaedic Surgery, NYU Langone Orthopedic Hospital, New York, New York

ABSTRACT

Background: Multilevel fusions and complex osteotomies to restore global alignment in adult spinal deformity

(ASD) surgery can lead to increased operative time and blood loss. In this regard, we assessed factors predictive of
perioperative blood product transfusion in patients undergoing long posterior spinal fusion for ASD.

Methods: A single-institution retrospective review was conducted on 909 patients with ASD, age . 18 years, who
underwent surgery for ASD with greater than 4 levels fused. Using conditional inference tree analysis, a machine

learning methodology, we sought to predict the combination of variables that best predicted increased risk for
intraoperative percent blood volume lost and perioperative blood product transfusion.

Results: Among the 909 patients included in the study, 377 (41.5%) received red blood cell (RBC) transfusion.

The conditional inference tree analysis identified greater than 13 levels fused, American Society of Anesthesiologists
(ASA) score . 1, a history of hypertension, 3-column osteotomy, pelvic fixation, and operative time . 8 hours, as
significant risk factors for perioperative RBC transfusion. The best predictors for the subgroup with the highest risk for

intraoperative percent blood volume lost (subgroup mean: 53.1% 6 42.9%) were greater than 13 levels fused, ASA
score . 1, preoperative hemoglobin , 13.6 g/dL, 3-column osteotomy, posterior column osteotomy, and pelvic
fixation. Patients who underwent major blood transfusion intraoperatively had significantly longer length of stay (8.5

days) versus those who did not (6.1 days) (P , .0001). The overall 90-day complication rate in patients who underwent
major blood transfusion intraoperatively was 49%, compared with 19% in those who did not (P , .0001). By
multivariate regression analysis, patients with a preoperative hemoglobin . 13.0 were less likely to require major blood
transfusion (odds ratio: 0.52, P ¼ .046).

Conclusions: Using a supervised learning technique, this study demonstrates that greater than 13 levels fused,
ASA score . 1, 3-column osteotomy, and pelvic fixation are consistent risk factors for increased intraoperative percent
blood volume lost and perioperative RBC transfusion. The addition of having a preoperative hemoglobin , 13.6 g/dL

or undergoing a posterior column osteotomy conferred the highest risk for intraoperative blood loss. This information
can assist spinal deformity surgeons in identifying at-risk individuals and allocating healthcare resources.

Level of Evidence: 3.

Complications

Keywords: perioperative blood loss, blood product transfusion, complex spine surgery

INTRODUCTION

Blood loss requiring significant transfusion re-

quirement is often associated with multilevel fusion

for adult spinal deformity (ASD). Surgical factors

including number of vertebral levels incorporated in

the fusion, duration of exposure, patient position,

blood pressure, and spinal osteotomies and complex

realignment procedures performed, are recognized

risk factors for increased intraoperative bleeding.1–4

Patient factors that have been elucidated include

classification and severity of the spinal deformity, as

well as patient age, height, weight, and preoperative
comorbidities.5,6

Although red blood cell (RBC) transfusion is
perhaps safer than it ever has been, it still may be
associated with adverse events including transfusion
reaction, transfusion-related lung injury, postoper-
ative complications, and infection.7–10 There is
growing evidence that blood transfusion may
increase intensive care unit and overall length of
hospital stay, as well as increase mortality.11,12

Although the associations described in the literature
do not constitute causality, most deformity surgeons
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universally agree that minimizing blood loss and
transfusion requirement is a key tenet of successful
surgery. In an era of increased focus on healthcare
expenditures, it is also impossible to overlook the
direct cost of 1 unit of RBC in the United States,
which ranges from 700 to 1200 dollars, and the
resulting economic impact.13 Anticipating blood
loss a priori in patients at known high risk for
blood loss is critical for optimal preoperative
transfusion planning, and potential employment of
surgical strategies such as antifibrinolytic use and
intraoperative cell salvage devices to reduce utiliza-
tion of allogeneic blood.14–18

Although studies have evaluated the adult spine
surgical population as a whole, with regards to
predictors for blood loss and transfusion, such a
population is relatively heterogenous in its compo-
sition of patient characteristics and surgical proce-
dures formed. Previous studies have looked at only
parts of the puzzle, assessing a subset of variables
that may be related to blood loss in adult deformity
surgery, or utilizing cohorts of patients with
incomplete data. Although regression models have
been the benchmark to detect main effects, proper
assessment of the interactions between risk factors
can significantly increase the number of potential
models, making model selection more problemat-
ic.19 Further, it is our experience that surgeons often
intuitively want to classify patients into high or low
risk, rather than deploy risk ratios generated by
regression methods.

To that end, we sought to predict intraoperative
blood loss and perioperative RBC transfusion using
machine learning methods, specifically conditional
inference tree analysis.20,21 The primary objective of
this study is to determine predictive factors associ-
ated with blood loss and transfusion in a large and
relatively homogenous cohort of patients with ASD
from a single institution, multisurgeon database.
Secondarily, we used conditional inference tree
analysis to identify and characterize combinations
of variables that best predict highest risk for
intraoperative blood loss and perioperative RBC
transfusion, and to define cutoff values for these
variables when possible.

MATERIALS AND METHODS

We retrospectively reviewed our institution’s
prospectively collected database to identify patients
who were aged 18 years or older when they
underwent posterior spinal fusion (PSF) for ASD,

with a minimum of 4 levels fused, from January

2012 through December 2017. We identified 909
such patients with complete surgical and inpatient
admission data.

Patient and Surgical Characteristics

The primary indications for surgery were scoliosis
or kyphosis with pain and disability for which

prolonged nonoperative treatment had failed. We
used the clinical database and patients’ medical
records to ascertain patient characteristics including
age, sex, and American Society of Anesthesiologists

(ASA) score. Based on a validated 5-item frailty
index, a modified frailty index (mFI) was calculated
for each patient, with 5 categories of frailty ranging

from 1 (lowest) to 5 (highest).22,23

Surgical parameters collected included number of
levels fused, the use of pelvic fixation, interbody

fusion, and multirod construct. Each case was
assigned a Mirza invasiveness index, based on
published criteria, for the purposes of assessing
surgical complexity between the 2 groups.24,25

Blood Loss and Transfusion Requirement

The primary outcomes assessed were estimated

blood loss (EBL; mL), EBL per vertebral level
fused, percent blood volume loss, and perioperative
transfusion requirement (units of RBCs, platelets,
fresh-frozen plasma [FFP]). Preoperative, intraop-

erative, and postoperative hemoglobin levels (g/dL)
were included in the analysis. Postoperative com-
plications, length of hospital stay, reoperations, and

mortality were assessed within 90 days of the index
surgery.

Statistical Analysis

The 2 groups were compared with the t test
statistic or Mann-Whitney nonparametric statistic
for continuous parameters. Chi-square tests were

used for categorical data when all the expected
counts had 5 or more observations, and Fisher exact
tests were used for categorical data when any of the

expected counts had fewer than 5 observations.
Univariate analysis was performed for all possible
determinants of RBC transfusion. We defined, a
priori, that all variables with a P value less than 0.05

by univariate analysis were considered relevant and
included in the stepwise multivariate logistic regres-
sion analysis. This second analysis was used to
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define factors that were able to predict RBC
transfusion in adults undergoing ASD surgery.

Next, we used conditional inference tree analysis,
a machine learning method, to predict blood loss
and perioperative RBC transfusion. Briefly, condi-
tional inference tree analysis is a data mining tool
that recursively splits a data set into smaller subsets,
with each split made by defining a cutoff value of
one of n number of predictors, based on observa-
tions viewed as points in an n-dimensional space. As
multiple predictors were considered, Tukey Honest
Significant Difference (HSD) correction was used to
counteract the problem of multiple comparisons.

Descriptive statistics were calculated with SPSS
version 25 software (IBM, Armonk, NY), R
statistical software, and Microsoft Office Excel
software (Microsoft Corp, Redmond, WA).

RESULTS

Patient Population

Included in the study were 909 adults (222
women) who underwent surgery for ASD. Three
hundred seventy-seven patients (41.5%) received an
intraoperative RBC transfusion, ‘‘transfused’’
group, and 532 patients (58.5%) constituted the
‘‘not transfused’’ group. There were multiple signif-
icant differences found between the transfused and
not transfused groups, with regards to preoperative
characteristics. The mean patient age in the trans-
fused group (54.8 6 20.2 years) was significantly
higher than in the not transfused group (36.4 6 23.0
years) (P , .0001). Patients in the transfused group
were more commonly female, and had significantly
higher body mass index (BMI), ASA score, frailty
index (mFI score), and had a greater incidence of
diabetes, cardiovascular disease, chronic obstructive
pulmonary disease (COPD), and osteoporosis. The

mean preoperative hemoglobin in the transfused

group was 13.3 6 1.4 g/dL, which was significantly

lower than in the not transfused group, 13.9 6 1.5

g/dL (P , .0001). There was no difference in

utilization of intraoperative cell salvage between

the transfused and not transfused groups. Full

demographic data for the study population are

presented in Table 1.

Surgical Characteristics

Patients who received transfusion more common-

ly underwent cases with a higher Mirza invasiveness

index, greater number of levels fused, and of greater

surgical duration (P , .0001 for all). Surgical

procedures in the transfused group more commonly

incorporated the use of pelvic fixation, transfor-

aminal lumbar interbody fusion (TLIF), osteoto-

mies, and multi-rod constructs. Patients who

received transfusion were also more likely to have

a significantly longer length of hospital stay, and

more commonly required unplanned return to the

operating room within 90 days of index surgery. See

Table 2 for complete surgical characteristics of the 2

groups.

Predictors of Percent Blood Volume Lost and
Perioperative RBC Transfusion by Multivariate

Regression Analysis

All variables found to be associated with in-

creased intraoperative blood loss and perioperative

RBC transfusion by univariate analysis were in-

cluded in the multivariate regression analysis. We

observed that significant predictors of percent blood

volume lost were number of levels fused, 3-column

osteotomy, posterior column osteotomy in the

lumbar spine, and pelvic fixation (Table 3).

Table 1. Demographic data for 909 adults who underwent surgery for spinal deformity.

Characteristic

Not Transfused (N ¼ 532) Transfused (N ¼ 377)

P ValueN % N %

Age, ya 36.4 6 23.0 54.8 6 20.2 , .0001
BMI 24 6 6 26 6 7 , .0001
ASA score 2.3 6 0.7 2.5 6 0.6 .004
mFI 0.3 6 0.6 0.5 6 0.7 , .0001
Preoperative hemoglobin, g/dL 13.9 6 1.4 13.3 6 1.5 , .0001
Female sex 328 61.7 281 74.5 , .0001
Comorbidities
Diabetes 29 5.5 36 9.5 .02
COPD 16 3.0 22 5.8 .04
Cardiovascular disease 19 3.6 31 8.2 .001
Osteoporosis 21 3.9 43 11.4 , .0001

aExpressed as mean 6 standard deviation.
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Age, ASA score, a history of hypertension, pelvic
fixation, number of levels fused, performance of a 3-
column osteotomy, and operative time were inde-
pendently associated with intraoperative RBC
transfusion in the study population (Table 4). Pelvic
fixation was associated with a mean of 0.5
additional units of RBCs transfused intraoperative-
ly (P , .0001), and performance of a 3-column
osteotomy was associated with a mean of 0.7
additional units of RBCs transfused intraoperative-
ly (P , .0001). Pelvic fixation, ASA score, and
number of levels fused were independently associ-
ated with postoperative RBC transfusion.

Predictors of Percent Blood Volume Lost and
Perioperative RBC Transfusion by Conditional

Interference Tree Analysis

Conditional inference tree analysis was used to
identify which variables, or combination of vari-
ables, were best suited to predict increased intraop-
erative blood loss and perioperative RBC
transfusion. Of the predictors that were examined
for percent blood volume lost, the analysis identified
number of levels fused (splitting at 6 and 13 levels),
pelvic fixation, ASA score (splitting at 1), 3-column
osteotomy, posterior column osteotomy, and pre-

operative hemoglobin (splitting at 13.6 g/dL) as

significant risk factors for increased blood loss. See

Figure 1 for full description of conditional inference

tree nodes as well as incremental percent blood

volume lost added by each risk factor.

Of the predictors that were examined for intra-

operative RBC transfusion, the analysis identified

number of levels fused (splitting at 13 levels), pelvic

fixation, ASA score (splitting at 1), 3-column

osteotomy, posterior column osteotomy, hyperten-

sion, preoperative hemoglobin (splitting at 13.6 g/

dL), and surgical duration (splitting at 8 hours) as

significant risk factors for increased volume of

intraoperative RBC units transfused. See Figure 2

for full description of conditional inference tree

nodes as well as incremental units of intraoperative

RBCs added by each risk factor.

Of the predictors that were examined for post-

operative RBC transfusion, the analysis identified

number of levels fused (splitting at 13 levels), pelvic

fixation, ASA score (splitting at 2), age (splitting at

65 years), and surgical duration (splitting at 6 hours)

as significant risk factors for increased volume of

postoperative RBC units transfused. See Figure 3

Table 2. Surgical characteristics for 909 adults who underwent surgery for spinal deformity.

Parameter

Not Transfused (N ¼ 532) Transfused (N ¼ 377)

P ValueN (%) Mean N (%) Mean

EBL, mL 894 6 752 2377 6 1736 , .0001
EBL/vertebral level fused, mL 115 6 106 237 6 232 , .0001
Percent blood volume lost, % 18.8 6 15.2 50.7 6 35.5 , .0001
Intraoperative cell salvage, U 0.46 6 0.91 2.2 6 2.4 , .0001
Mirza invasiveness index 18.0 6 7.6 23.8 6 8.4 , .0001
Number of levels fused 8.9 6 3.8 11.5 6 4.3 , .0001
Surgical duration, h 5.9 6 2.4 7.4 6 4.4 , .0001
Pelvic fixation 85 (16) 203 (54) , .0001
3-column osteotomy 34 (6) 83 (22) , .0001
Posterior column osteotomy 160 (30) 219 (58) , .0001
TLIF 91 (17) 167 (44) , .0001
ALIF 14 (3) 18 (5) .08
Tranexamic acid use 183 (34) 206 (55) , .0001
Multirod (. 2) configuration 16 (3) 44 (12) , .0001
Length of hospital stay, d 5.6 6 4.0 7.4 6 3.9 , .0001
Unplanned return to operating room 21 (4) 46 (12) , .0001

Abbreviations: ALIF, anterior lumbar interbody fusion; TLIF, transforaminal lumbar interbody fusion.

Table 3. Determinants of percent blood volume lost.

Parameter

b Coefficient

(95% CI) P Value

Number of levels fused 1.9 (0.02 to 0.03) , .0001
3-column osteotomy 16.8 (0.01 to 0.07) , .0001
Lumbar posterior column
osteotomy

9.2 (�1.5 to �0.5) .005

Pelvic fixation 11.3 (0.002 to 0.004) , .0001

Table 4. Determinants of intraoperative packed RBC transfusion.

Parameter b Coefficient (95% CI) P Value

Pelvic fixation 0.52 (0.02 to 0.03) , .0001
ASA score 0.33 (0.01 to 0.07) , .0001
Number of levels 0.09 (0.002 to 0.004) , .0001
Age 0.007 (0.15 to 1.3) .047
3-column osteotomy 0.73 (�1.5 to �0.5) , .0001
Operative time 0.001 .007
TLIF 0.37 .007
History of hypertension 0.33 .02
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for full description of conditional inference tree

nodes as well as incremental units of postoperative

RBCs added by each risk factor.

Major Blood Loss (Intraoperative Transfusion . 4

U RBC)

Patients who received major blood transfusion

intraoperatively, as defined by . 4 U RBCs (10.8%

of all patients), were significantly older (60.2 vs 41.8

years), had higher ASA (2.6 vs 2.4), underwent

greater number of levels fused (13.2 vs 9.6), and had

lower preoperative hemoglobin (13.1 vs 13.7)

(P , .0001 for all). They more commonly under-
went pelvic fixation (74% vs 26.5%, P , .0001), 3-
column osteotomy (42% vs 9%, P , .0001), Smith
Peterson osteotomy (67% vs 39%, P , .0001),
interbody fusion (59% vs 25%, P , .001), and
had multi-rod constructs (24% vs 4%, P , .0001).
Patients who underwent major blood transfusion
intraoperatively had significantly longer length of
stay (8.5 days) versus those who did not (6.1 days)
(P , .0001). The overall 90-day complication rate
in patients who underwent major blood transfusion
intraoperatively was 49%, compared with 19% in
those who did not (P , .0001). By multivariate
regression analysis, patients with a preoperative

Figure 1. Classification and decision tree model for intraoperative percent blood volume (BV) lost in different risk groups of patients who underwent surgery for ASD.

Performance measures: � 6 levels: R2-Adj ¼ 0.58; 6 to 13 levels: R2-Adj ¼ 0.51; . 13 levels: R2-Adj¼ 0.64.

Figure 2. Classification and decision tree model for intraoperative RBCs

transfused in different risk groups of patients who underwent surgery for ASD.

Performance measures: � 13 levels: R2-Adj¼ 0.43; . 13 levels: R2-Adj ¼ 0.59.

Figure 3. Classification and decision tree model for units of postoperative RBCs

transfused in different risk groups of patients who underwent surgery for ASD.

Performance measures: � 13 levels: R2-Adj¼ 0.41; . 13 levels: R2-Adj¼ 0.45.
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hemoglobin . 13.0 g/dL were less likely to require
major blood transfusion (OR: 0.52, P ¼ .046).

Adverse Events

There was no significant difference in wound
infection, thromboembolic event, cardiac or ische-
mic events, or epidural hematoma between the
transfused and not transfused groups (Table 5). The
rate of wound infection was 6.1% in the transfused
group, and 3.2% in the not transfused group
(P ¼ .67). The incidence of ileus was significantly
higher in the transfused group (2.7%) versus the not
transfused group (0.2%) (P ¼ .02). Table 5 summa-
rizes the complications that occurred within 90 days
of the index surgery.

DISCUSSION

Significant blood loss in ASD surgery is not an
infrequent occurrence and has the potential to cause
irreversible end-organ damage, such a renal failure,
cardiovascular events including stroke, and mortal-
ity. Perhaps a less important point in the mind of
the surgeon, but nevertheless unavoidable in an era
of healthcare cost containment, is the additional
cost of care for a transfused patient including the
cost of RBCs, FFP, platelets, and use of antifibri-
nolytics and cell salvage systems.26,27 Effectively
predicting which patients are at an increased risk for
sustaining greater intraoperative blood loss and
requiring perioperative RBC transfusion arms
surgeons with the knowledge needed for more
optimized preoperative surgical planning, and en-
hanced utilization of healthcare resources.28,29 In
this regard, we queried a large, single institution,

multisurgeon database to determine the subset of
variables that best predict intraoperative blood loss
and transfusion requirement in patients undergoing
long PSF for ASD. Using machine learning
methodology, we found that number of levels fused,
pelvic fixation, ASA score . 1, 3-column osteoto-
my, and posterior column osteotomy were predic-
tive of increased intraoperative blood loss, with the
highest additional risk conferred by greater than 13
levels fused during surgery, and a preoperative
hemoglobin , 13.6 g/dL. Greater than 13 levels
fused, pelvic fixation, ASA score . 1, 3-column
osteotomy, and a history of hypertension were
associated with the highest risk for requiring
increased intraoperative RBC transfusion, whereas
greater than 13 levels fused, pelvic fixation, and an
ASA score . 2 conferred the highest risk for
requiring increased postoperative RBC transfusion.

Our results are consistent with previous studies
using conventional regression methodology, which
have reported associations between number of levels
fused, pelvic fixation, 3-column osteotomy, and
perioperative transfusion requirement. Basques et
al30 looked at 4223 spine surgery patients using the
American College of Surgeons National Surgical
Quality Improvement Program (NSQIP) database
and found that age . 60 years, ASA score . 3,
greater than 3 levels fused, and operative
time . 310 minutes were predictive of increased
RBC transfusion. The population of patients
queried had undergone posterior primary lumbar
fusion only. Berenholtz et al looked at 786 patients
who underwent primary spine surgery, and found
that age . 66 years, and diabetes were indepen-
dently associated with allogenic transfusion.31 Im-

Table 5. Complications in 909 adults who underwent surgery for spinal deformity.

Parameter

Not Transfused (N ¼ 532) Transfused (N ¼ 377)

P ValueN % N %

Sepsis 0 0 3 0.8 .11
Wound infection 17 3.2 23 6.1 .67
Seroma 12 2.3 17 4.5 .63
Respiratory failure 0 0 0 0 —
Delirium 1 0.2 3 0.8 .40
Postoperative atrial fibrillation 2 0.4 0 0 .23
STEMI 0 0 2 0.5 .09
DVT 1 0.2 5 1.3 .16
PE 1 0.2 7 2.0 .06
Postoperative pneumonia 2 0.4 4 1.1 .54
Stroke 0 0 1 0.3 .36
Ileus 1 0.2 10 2.7 .02
Urinary retention 0 0 4 1.1 .81
Epidural hematoma 1 0.2 1 0.3 .90
Mortality 1 0.2 3 0.8 .40

Abbreviations: STEMI, ST-elevation myocardial infarction; DVT, deep vein thrombosis; PE, pulmonary embolism.
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portantly, the patient population was relatively
heterogeneous, as it included any case with a
primary procedure code for spine surgery. In 112
patients who underwent revision lumbar decom-
pression and posterior fusion, 1 study found that
number of levels fused and preoperative hemoglobin
were significant predictors of intraoperative blood
loss.4

Predictors of blood loss and perioperative trans-
fusion in patients undergoing ASD surgery has been
less well studied, and there remains a paucity of
data. White et al32 used NSQIP to evaluate 5805
patients who underwent long PSF and found that
ASA . 3, increasing construct length, fusion to the
pelvis, and performance of osteotomy were inde-
pendently associated with increased perioperative
blood transfusion. From another analysis or the
NSQIP, the same group found that patients with
ASD with higher frailty scores had higher rates of
blood transfusion.33 It stands to reason that the
operative variables identified in this study to be
predictive of increased blood loss and perioperative
transfusion are those that signify a greater level of
surgical complexity. Fusion constructs spanning a
greater number of levels require wide exposure, and
prolonged surgical duration. Similarly, performance
of 3-column osteotomies is known to carry the
potential for extensive blood loss.34,35

Although the question posed in our study is not a
new one, the strength of this analysis is the use of
conditional inference tree analysis, which allowed us
to model complex interactions between variables.
The 3 subpopulations generated to predict risk of
intraoperative blood loss, by levels fused and types
of procedures done, may assist surgeons in stratify-
ing patients into groups of increasing risk. Surgical
variables that characterized the highest risk group
for intraoperative blood loss were patients who had
over 13 levels fused, with performance of 3-column
and/or posterior column osteotomies, and pelvic
fixation. Further, we were able to characterize the
incremental blood loss added by these procedures
during surgery, with incorporation of pelvic fixation
predicting an additional 20% blood volume lost,
when performed for fusions . 13 levels. Pelvic
fixation has been shown to be independently
associated with increased intraoperative and post-
operative RBC transfusion in other studies in
patients with ASD.36 Importantly, in the patient
population studied, pelvic fixation denoted only
iliac or S2-alar-iliac fixation, with the majority being

the former. However, even for iliac fixation multiple
techniques may be utilized including placing dual
iliac screws, and a kickstand or flying buttress
construct. These more complex constructs may be
associated with increased operative time, and blood
loss, which was not evaluated in the present study.

In terms of modifiable patient characteristics, we
observed that a preoperative hemoglobin , 13.6 g/
dL was predictive of a 14.6% increase in blood loss
in cases where over 13 levels were fused, and an
additional 0.25 U of intraoperative RBC transfusion
in cases where less than 6 levels were fused. Previous
studies have demonstrated that decreased preoper-
ative hemoglobin was predictive of increased length
of hospital stay, and postoperative delirium.37 As
the ASD surgical population is becoming progres-
sively older, and surgeries are more commonly done
tailored to age-appropriate alignment objectives,
increased understanding of patient comorbidities
and nutritional deficiencies that may be related to or
causing the preoperative anemia are warranted. As
most instances of preoperative anemia are not
related to the spinal deformity being treated, it will
most likely be present and persist after surgery.
These data support the recommendation that
preoperative anemia be investigated prior to surgery
for its cause and appropriate treatment, to render
the surgical patient ‘‘fit to fly.’’

The strengths of this study are the relatively
homogenous population of patients with ASD with
long fusion constructs and equivalent case complex-
ity. The retrospective nature of our study could be
perceived as a weakness; however, most data were
collected prospectively. All patients were from a
single institution and treated by surgeons who treat
a large volume of adults with spinal deformity,
which may limit the generalizability of our results.
However, the exclusivity also conferred uniformity,
and one might expect these types of surgical
procedures to be performed at a tertiary care center
by surgeons with similar experience.

CONCLUSION

Fusion spanning 13 vertebral levels or greater,
ASA score . 1, 3-column osteotomy, and pelvic
fixation are consistent risk factors for increased
percent blood volume lost and perioperative RBC
transfusion. The best predictors for the subgroup at
highest risk for intraoperative blood loss can be
identified using conditional inference tree analysis;
these included greater than 13 levels fused, pelvic
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fixation, ASA score . 1, 3-column osteotomy,
posterior column osteotomy, and preoperative
hemoglobin , 13.6 g/dL. Patients who received
major blood transfusion intraoperatively, as defined
by . 4 U RBCs (10.8% of all patients), were
significantly older (60.2 vs 41.8 years), had higher
ASA (2.6 vs 2.4), underwent greater number of
levels fused (13.2 vs 9.6), and had lower preopera-
tive hemoglobin (13.1 vs 13.7) (P , .0001 for all).
By multivariate regression analysis, patients with a
preoperative hemoglobin . 13.0 g/dL were less
likely to require major blood transfusion (odds
ratio: 0.52, P¼ .046). An understanding of risk
factors for blood loss and transfusion requirement
for ASD surgery can facilitate preoperative surgical
planning and perioperative management.
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