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ABSTRACT

Background: Despite the known association between increased estimated blood loss (EBL) and suboptimal perioperative
outcomes, the exact threshold of EBL that impacts outcomes following elective spine surgery remains unknown. In a cohort of
patients undergoing elective 1-level open posterior lumbar fusion, we sought to identify EBL thresholds associated with: (1)
prolonged length of stay (LOS), (2) postoperative complications, and (3) patient-reported outcomes (PROs).

Methods: A retrospective, single-center study was performed of patients undergoing elective, 1-level open posterior
lumbar fusion with and without interbody fusion between October 2010 and April 2021. The primary exposure variable was
EBL. Primary outcomes included: (1) LOS, (2) 30-day complications, and (3) 3-month PROs. Minimum clinically important
difference was set at 30% improvement from baseline. For purposes of receiver-operating characteristic curves, LOS was
dichotomized as 1 vs 22 days.

Results: Of the 2028 patients undergoing posterior lumbar fusion surgery, 1183 underwent 1-level fusions, 763 (64.5%)
with interbody fusion and 420 (35.5%) without. With interbody fusion: Median (interquartile range [IQR]) EBL was 350 mL
(200-600), and median (IQR) LOS was 2 days (2-3). A positive linear association was found between EBL and LOS (P <
0.001) but not with PROs. EBL above 275 mL was associated with LOS beyond postoperative day 1 (POD1) (area under the
curve [AUC] =0.73,95% CI1 0.68-0.78, P < 0.001), with no significant association with overall complications or PROs. Without
interbody fusion: Median EBL (IQR) was 300 mL (150-500), and median (IQR) LOS was 3 days (2—4). A positive linear
association was found between EBL and LOS (P < 0.001) but not with PROs. EBL above 238 mL was associated with LOS
beyond POD1 (AUC = 0.78, 95% CI1 0.71-0.85, P < 0.001), with no impact on overall complications or PROs.

Conclusions: In patients undergoing 1-level posterior lumbar fusion, EBL volumes greater than 275 and 238 mL in
patients with and without interbody fusion, respectively, were associated with increased LOS beyond POD1. No effect was
found regarding 30-day complications and 3-month PROs. Although EBL did not directly impact complications or PROs,
surgeons may expect longer LOS when higher EBL is reported.

Clinical Relevance:
prolonged LOS beyond POD1 in 1-level open lumbar fusion.
Level of Evidence: 3.

Complications

EBL above 275 mL with an interbody and 238 mL without an interbody were associated with

Keywords: estimated blood loss, posterior lumbar fusion, length of stay, interbody fusion, patient-reported outcomes

INTRODUCTION

Lumbar fusions are commonly performed through-
out the United States and have increased by approx-
imately 180% from 2004 to 2015, reaching almost
200,000 procedures per year, totaling approximately
$10.2 billion annually."* Though elective lumbar
fusions have been shown to improve patient-reported
outcomes (PROs) at 2 years, the risk of complica-
tions persists. Rates of postoperative complications
following degenerative lumbar fusion surgery range
from 19% to 29%.>* An important intraoperative
factor under the surgeon’s control that has been

associated with perioperative outcomes is estimated
blood loss (EBL).

Prior studies have shown that EBL is associated with
increased morbidity following spine surgery.” Recent
studies have found that EBL exceeding 500 mL was
associated with an increased risk of postoperative com-
plications and prolonged length of stay (LOS) follow-
ing lumbar fusion surgery of varying levels.*” Blood
loss can provoke physiologic fluid shifts, which can
affect cardiac, pulmonary, and renal status in the imme-
diate postoperative period. Moreover, greater blood
loss increases the need for transfusions, which places
the patient at risk for transfusion reactions® and immune
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system impairments that further raise the infection rate
after surgery.’

Although higher EBL is a well-established risk factor
for increased postoperative complications and LOS
following lumbar fusion surgery,®’ the exact amount
of EBL that modifies outcomes remains elusive. In
patients undergoing elective, 1-level posterior lumbar
fusion with and without interbody, we sought to iden-
tify EBL thresholds associated with: (1) prolonged
LOS, (2) postoperative complications, and (3) PROs.

METHODS
Study Design

A retrospective cohort study was conducted from our
institution’s prospective spine outcomes registry. The
prospective registry includes all patients who under-
went elective spine surgery and has been in existence
since 2011. The registry enlists 3 full-time employees
who prospectively call patients to obtain preoperative
and postoperative data points and PROs. In the registry’s
existence, approximately 12 fellowship-trained neuro-
surgery and orthopedic spine surgeons have contributed
cases. Institutional review board approval was obtained
for this study (institutional review board #211290).

Patient Population

Registry data were obtained for patients who under-
went elective, 1-level, open posterior lumbar fusion
with or without interbody fusion from October 2010
to April 2021 for degenerative reasons. Inclusion cri-
teria were age =18 years and a signed consent for par-
ticipation. Any lumbar fusion more than 1 level was
excluded. Of note, 21 (2.7%) patients underwent a
tubular minimally invasive surgery (MIS) approach and
were also excluded from analysis. Postoperative care
was standardized for all patients who were admitted to
similar spine floors mostly in 1 location. Postoperative
pain management was similar, which consisted of mul-
timodal pain management.

Independent Variables

EBL measured in milliliters was the primary inde-
pendent variable of interest. EBL. was collected retro-
spectively from the operative report and was determined
jointly by both the attending surgeon and anesthesiol-
ogist using intraoperative blood draws, intraoperative
lab values, and blood in the suction canister postop-
eratively. Other independent variables included chief
symptomatology, patient demographics, comorbidities,

and perioperative data. These variables included age,
gender, body mass index (BMI), employment status,
intent to return to work, ambulatory status, symptom
duration, diagnosis, revision vs primary surgery, indi-
cation for revision, preoperative antiplatelet use, and
smoking status. Operative and perioperative variables
included primary pathology, operation performed, oper-
ative time (minutes), and discharge disposition (home
vs facility).

Since the placement of interbody device has been
shown to increase EBL and operative time, analyses
were separated into 1-level fusions with and without
interbody placement.'” Interbodies were placed con-
sistent with a transforaminal lumbar interbody fusion
approach or a posterior lumbar interbody fusion
approach. No anterior or lateral fusions were included.

Outcomes

The 3 primary outcomes of interest consisted of (1)
LOS (days), (2) 30-day complications, and (3) 3-month
PROs. LOS was treated as both a continuous variable
and a dichotomized variable at 1 vs 22 days. Complica-
tions were defined as any complication within 30 days.
PROs were taken at 3 months and included: (1) Numer-
ical Rating Scale (NRS) back pain, (2) NRS leg pain,
and (3) Oswestry Disability Index (ODI). In addition
to mean PRO values, minimum clinically important
difference (MCID) defined as an increase of 30% from
baseline was calculated."! PROs were prospectively
collected over the phone or via email before surgery and
3 months postoperatively. Patients with NRS back pain/
leg pain values of O preoperative and postoperative were
excluded from the MCID analysis.

Statistical Analysis

Descriptive statistics were compiled for all demo-
graphic, preoperative, and postoperative characteristics.
Means and SDs for continuous variables and frequency
for categorical variables were computed. Continuous
data were compared using Student ¢ tests. MCID was
defined as a 30% improvement over baseline PROs at
3 months following surgery.'? Univariate and multivar-
iate linear and logistic regression were performed, con-
trolling for age, BMI, and revisions. Receiver-operating
characteristic (ROC) curve analysis was performed to
determine whether EBL was a good binary classifier of
outcomes. Sensitivity, specificity, area under the curve
(AUC), and Youden’s Index were also analyzed. Any
AUC that was <0.60 was determined to be poor, and
for these, no Youden’s Index was calculated due to lack
of clinical meaning. A P value <0.05 was considered
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statistically significant. The analysis was performed
using SPSS version 22 (IBM Inc., Chicago, Illinois)
and R Statistical Software version 4.0.3 (https://www.
r-project.org/).

RESULTS

Part I: 1-Level Posterior Fusion With Interbody
Placement

Perioperative Patient Demographics

Of the 1183 patients undergoing elective, 1-level open
posterior lumbar fusion, 763 also underwent interbody
fusion. Mean age was 59.2 + 11.6 years, and 43.8% were
men. A total of 2.0% were on antiplatelet/anticoagulant
therapy preoperatively. Median (interquartile range

[IQR]) EBL was 350 mL (200-600), and median (IQR)
operative time was 204 minutes (166-246). Detailed
patient demographics, comorbidities, and preoperative
characteristics are summarized in Tables 1 and 2. EBL
distribution is shown in Figure 1A.

EBL Association With LOS

Median (IQR) LOS was 2 days (2-3). Univariate and
multivariate linear regression demonstrated a significant
but weak correlation between increased EBL and pro-
longed LOS (r = 0.243, P < 0.001), controlling for age,
BMI, and revisions (Figure 2A, Table 3). ROC analysis
of EBL as a predictor of LOS beyond POD1 demon-
strated strong predictive value (AUC = 0.73, 95% CI

Table 1. Demographic characteristics of patients receiving 1-level posterior lumbar fusion.

Variables

With Interbody
Total (N =763)

Without Interbody
Total (N = 420)

Age, y, mean = SD
Gender: men, n (%)
Race: White, n (%)
Body mass index, mean = SD
Comorbidities, n (%)
lor2
>2
Coronary artery disease, n (%)
Hypertension, n (%)
Congestive heart failure, n (%)
Chronic obstructive pulmonary disease, n (%)
Osteoporosis, 1 (%)
Diabetes, n (%)
Active smoker, n (%)
Preoperative anticoagulation/antiplatelet usage, n (%)
Insurance, n (%)
Private
Medicare/Medicaid/Tenncare
VA/Government (including Tricare)
Uninsured/not applicable
Currently employed, n (%)
Intend to return to work, n (%)
Preoperative ambulation, n (%)
With assistance
Independent
Wheelchair bound
Duration of symptoms, n (%)
<3 mo
3-12 mo
>12 mo
Diagnosis, n (%)
Stenosis
Herniated disc
Fracture
Deformity/scoliosis
Spondylolisthesis
Pseudarthrosis
Others
Revision, n (%)
Reason for revision, n (%)
Adjacent segment disease
Pseudarthrosis/instrumentation failure
Same level recurrent stenosis
Same level recurrent disc herniation
Others

59.2%11.6
334 (43.8%)
676 (88.6%)

61.6+132
195 (46.4%)
372 (88.6%)

31.3+6.6 30.5 = 6.2
468 (61.3%) 267 (63.6%)
150 (19.7%) 95 (22.6%)
108 (14.2%) 72 (17.1%)
453 (59.4%) 280 (66.7%)
21 (2.8%) 8 (1.9%)
26 (3.4%) 21 (5.0%)
14 (1.8%) 10 (2.4%)
157 (20.6%) 95 (22.6%)
122 (16.0%) 58 (13.8%)
15 (2.0%) 9 (2.1%)
381 (49.8%) 169 (40.2%)
301 (39.5%) 216 (51.4%)
74 (9.7%) 34 (8.1%)
7 (1.0%) 1 (0.3%)
328 (43.0%) 139 (33.1%)

311 (94.8%) 133 (95.6%)

200 (26.2%) 139 (33.1%)
556 (72.9%) 275 (65.5%)
3 (0.4%) 5(1.2%)
39 (5.1%) 17 (4.0%)
168 (22.0%) 94 (22.4%)
408 (53.5%) 223 (53.1%)
156 (20.4%) 88 (21.0%)
65 (8.5%) 26 (6.2%)
4(0.5%) 3(0.7%)
34 (4.5%) 18 (4.3%)
478 (62.6%) 230 (54.8%)
17 (2.2%) 29 (6.9%)
9 (1.3%) 26 (6.1%)
227 (29.8%) 160 (38.1%)
56 (7.3%) 47 (11.2%)
23 (3.0%) 28 (6.7%)
50 (6.6%) 42 (10.0%)
43 (5.6%) 14 (3.3%)
55 (7.2%) 29 (6.9%)
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Table 2. Operative and perioperative variables of patients receiving 1-level posterior lumbar fusion.

Variables

With Interbody Without Interbody

Total (N =763) Total (N = 420)

Estimated blood loss (mL), mean + SD, median (IQR)
Operative time (min), mean + SD, median (IQR)
Length of stay (d), mean + SD, median (IQR)
Discharged, n (%)

Home

In-patient rehabilitation facility

Skilled nursing facility

Unknown

439.3 + 352.7, 350 (200-600)
213.8 + 74.5, 204 (166-246)
2.8+24,2(2-3)

390.2 + 350.5, 300 (150-500)
208.0 = 72.9, 202 (160-248)
3.0+x1.7,3(24)

640 (83.9%) 343 (81.7%)

46 (6.0%) 37 (8.6%)
22 (2.9%) 20 (4.8%)
55 (7.2%) 20 (4.8%)

Abbreviation: IQR, interquartile range.

0.68-0.78, P < 0.001), and Youden’s Index calculation
optimally differentiated EBL at 275 mL (Figure 3A).

EBL Association With 30-Day Complications

All medical and surgical complications were
summarized in Table 4. There were a total of 41
(5.4%) patients with at least 1 complication, the
most common being surgical site infection (SSI)
with 18 patients (2.4%), followed by 13 (1.7%)
urinary tract infections, 7 (0.9%) pneumonia, 2
(0.3%) neurological deficits, 2 (0.3%) deep vein
thrombosis, and 1 (0.1%) hematoma. The major-
ity of SSI resolved with a course of oral antibiotics
(12, 1.6%), 2 (0.3%) required intravenous antibi-
otics, and 4 (0.5%) required surgical incision and

drainage. A total of 34 (4.5%) patients were read-
mitted, and 18 (2.4%) required reoperation. Uni-
variate and multivariate logistic regression showed
no association between EBL and 30-day complica-
tions (OR = 1.00, 95% CI 0.99-1.00, P = 0.789)
when controlling for the aforementioned variables
(Table 3). AUC value for EBL as a predictor of com-
plications was low and similar to random chance
(AUC =0.47,95% CI1 0.37-0.57, P = 0.624); there-
fore, no Youden’s Index was calculated (Table 5).

EBL Association With PROs

Average NRS back pain score was 6.8 + 2.3 preopera-
tive and 3.4 + 2.7 at 3 months postoperative (P < 0.001).
A total of 432 (56.6%) had achieved MCID 30 of NRS

Estimated blood loss by group

o0 200 400 600 800  foodt ¥
1 1 1 1 | 1 L 1 1 | 1 1
with Interbody without Interbody
20 -
I — -
[1:]
‘5 —_—_——
—
5
@ 10 — L L
S
@
o
5 -
o 4
T T T T | T * T T T | T T
0 200 400 B00 800 1000

Estimated Blood Loss (mL)

Figure 1.
fusion. *33 patients had EBL >1000, **17 patients had EBL >1000.
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Histogram showing the distribution of estimated blood loss (EBL) in patients with 1-level open posterior lumbar fusion, with and without interbody
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Figure 2. Regression graphs demonstrating the linear relationship between estimated blood loss (EBL) and length of stay: 1-level posterior lumbar fusion with

interbody fusion (A), 1-level posterior lumbar fusion without interbody fusion (B).

back pain scores at 3 months. The mean NRS leg pain score
was 6.8 =+ 2.4 preoperative and 2.5 + 3.0 postoperative (P <
0.001). A total of 470 (75.3%) achieved 30% reduction of
NRS leg pain scores at 3 months. The mean ODI score was
46.2 + 13.9 preoperative and 27.5 + 17.4 postoperative (P
< 0.001). There were 400 (52.4%) patients who achieved
30% reduction of scores. Table 6 provides a tabulated form
of these findings. No association was found between EBL
and MCID PROs on univariate and multivariate logistic
regression (Table 3). ROC analysis failed to demonstrate a
correlation between EBL and MCID NRS back pain (AUC
=0.43,95% CI1 0.38-0.48, P =0.016), MCID NRS leg pain
(AUC = 048, 95% CI 0.42-0.53, P = 0.551) and MCID
ODI (AUC=0.48, 95% C10.43-0.53, P =0.625) (Table 5).
Given the poor ROC analysis, Youden’s Index was also not
calculated.

Part Il: 1-Level Posterior Fusion Without Inter-
body Placement

Demographic and Perioperative Variables

A total of 420 patients had 1-level spinal fusion without
interbody fusion. Mean age was 61.6 = 13.2, and 46.4%
were men. Only 2.1% were on antiplatelet/anticoagu-
lant therapy preoperatively. Median EBL (IQR) was 300
mL (150-500), and median (IQR) operative time was
202 minutes (160-248). Detailed patient demographics,
comorbidities, and preoperative characteristics are sum-
marized in Tables 1 and 2. EBL distribution is shown in
Figure 1B. A total of 3 (0.7%) patients underwent a tubular
MIS approach and were excluded from analysis.

Table 3. Univariate/multivariate logistic and linear regression showing the association between estimated blood loss and outcomes, controlling for age, body

mass index, and revision.

Univariate Multivariate
Outcomes OR/p (95% CI) P Value OR/p (95% CI) P Value
1-Level With Interbody
Length of stay 0.002 (0.001-0.002) <0.001* 0.001 (0.001-0.002) <0.001*
Complications 1.00 (0.99, 1.00) 0.633 1.00 (0.99-1.00) 0.789
MCID NRS back 1.00 (0.99-1.00) 0.225 1.00 (1.00-1.00) 0.512
MCID NRS leg 1.00 (0.99-1.00) 0.551 1.00 (1.00-1.00) 0.210
MCID ODI 1.00 (1.00-1.00) 0.848 1.00 (1.00-1.00) 0.983
1-Level Without Interbody
Length of stay 0.001 (0.001-0.002) <0.001* 0.001 (0.001-0.002) <0.001°*
Complications 1.00 (0.99-1.00) 0.856 1.00 (0.99-1.00) 0.989
MCID NRS back 1.00 (0.99-1.00) 0.244 1.00 (1.00-1.00) 0.333
MCID NRS leg 1.00 (0.99-1.00) 0.182 0.99 (0.99-1.00) 0.190
MCID ODI 1.00 (1.00-1.00) 0.229 1.00 (1.00-1.00) 0.252

Abbreviations: MCID, minimum clinically important difference; NRS, Numeric Rating Scale; ODI, Oswestry Disability Index.
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A 1-level with Interbody: EBL vs Length of Stay (d)
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Figure 3. Receiver-operating characteristic curves (ROC) of estimated blood loss (EBL) vs length of stay of 1 d or more. Patients undergoing 1-level posterior
lumbar fusion with interbody fusion (A) and patients undergoing 1-level posterior lumbar fusion without interbody fusion (B). AUC, area under the curve; Se,

sensitivity; Sp, specificity.

EBL Association With LOS

Median (IQR) LOS was 3 days (2—4). Univariate
and multivariate linear regression analysis demon-
strated a significant but weak positive relationship
between increased EBL and prolonged LOS (r =
0.25, P < 0.001) (Figure 2B, Table 3). ROC analy-
sis of EBL as a predictor of LOS beyond PODI1 is
shown in Figure 3B. EBL higher than 238 mL was

significantly correlated with prolonged LOS (AUC
=0.78, 95% CI1 0.71-0.85, P < 0.001).

EBL Association With 30-Day Complications

Medical and surgical complications are summarized in
Table 4. There were a total of 27 (6.4%) patients with at
least 1 complication, the most common being urinary tract
infections with 17 patients (4.0%), followed by 7 (1.7%)

Table 4. Medical/surgical complications of diabetic patients within 30 d after lumbar spine surgery.

Variable

Complication, n (%)
Urinary tract infection, n (%)
Hematoma, n (%)
Neurological deficit, n (%)
Pneumonia, n (%)
Deep vein thrombosis, n (%)
SSI, n (%)
SSI treatment, n (%)
Oral antibiotics
IV antibiotics
Surgical incision and drainage with IV antibiotics
Readmission, n (%)
Reoperation, n (%)
Reason for reoperation, n (%)
Revised implants
SSI/wound dehiscence
Others

With Interbody Without Interbody
Total (N =763) Total (N = 420)
41 (5.4%) 27 (6.4%)
13 (1.7%) 17 (4.0%)
1(0.1%) 1 (0.2%)
7(0.9%) 2(0.5%)
2(0.3%) 1 (0.2%)
2(0.3%) 1 (0.2%)

18 (2.4%) 7(1.7%)
12 (1.6%) 4 (1.0%)
2(0.3%) 2 (0.5%)
4 (0.5%) 1 (0.2%)
34 (4.5%) 25 (6.0%)
18 (2.4%) 12 (2.9%)

0 1 (0.2%)
4 (0.5%) 1(0.2%)
14 (1.5%) 10 (2.4%)

Abbreviations: IV, intravenous; SSI, surgical site infection.
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Table 5. Receiver-operating characteristic curve analysis of 1-level posterior
lumbar fusion with patient-reported outcomes.

Patient-Reported Outcome Area Under the Curve P Value
95% CI)

With interbody
Length of stay POD1 0.73 (0.68-0.78) <0.001
Complications 0.47 (0.37-0.57) 0.624
MCID NRS back 0.43 (0.38-0.48) 0.016
MCID NRS leg 0.48 (0.42-0.53) 0.551
MCID ODI 0.48 (0.43-0.53) 0.625

Without Interbody
Length of stay POD1 0.78 (0.71-0.85) <0.001
Complications 0.55 (0.43-0.66) 0.389
MCID NRS back 0.44 (0.36-0.51) 0.122
MCID NRS leg 0.53 (0.46-0.61) 0.328
MCID ODI 0.44 (0.37-0.51) 0.101

Abbreviations: MCID, minimum clinically important difference; NRS, Numeric
Rating Scale; ODI, Oswestry Disability Index; POD1, postoperative day 1.

surgical site infections, 2 (0.5%) neurological deficits, 1
(0.2%) pneumonia, 1 (0.2%) deep vein thrombosis, and
1 (0.2%) hematoma. Of the 7 patients with SSI, 4 (1.0%)
resolved with a course of oral antibiotics, 2 (0.5%) required
intravenous antibiotics, and 1 (0.2%) required surgical
incision and drainage. A total of 25 (6.0%) patients were
readmitted, and 12 (2.9%) required reoperation. Univariate
and multivariate logistic regression showed no association
between EBL and 30-day complications (OR = 1.00, 95%
CI 0.99-1.00, P = 0.989) (Table 3). ROC analysis shown
in Table 5 did not demonstrate a significant correlation
between higher EBL and the occurrence of medical and
surgical complications (AUC = 0.55, 95% CI 0.43-0.66, P
=0.389).

EBL Association With PROs

Mean NRS back pain score was 6.7 + 2.7 preopera-
tive and 3.3 £ 2.7 at 3 months postoperative (P < 0.001).
A total of 258 (61.4%) had achieved MCID 30 of NRS
back pain scores at 3 months. The mean NRS leg pain
score was 0.6 + 2.8 preoperative and 2.8 + 3.0 postop-
erative (P < 0.001). A total of 241 (75.3%) achieved
MCID 30 of NRS leg pain scores at 3 months. The mean
ODI score was 47.1 + 15.1 preoperative and 28.9 + 18.5

postoperative (P < 0.001). There were 375 (53.3%)
patients who achieved MCID 30 of ODI. No association
was found between EBL and MCID PROs on univariate
and multivariate logistic regression (Table 3). Pre- and
postoperative PROs are summarized in Table 6. ROC
analysis showed poor association between EBL and
MCID NRS back pain (AUC = 0.44, 95% C10.36-0.51,
P =0.122), MCID NRS back pain (AUC = 0.53, 95%
CI10.46-0.61, P =0.328) and MCID ODI (AUC = 0.44,
95% C10.37-0.51, P =0.101) (Table 5). Given the poor
AUC values, no Youden’s Index was calculated.

DISCUSSION

Spine surgeons seek to accomplish the goals of
surgery as efficiently as possible while minimizing
operative time and blood loss. Recent data have shown
that in lumbar fusion surgery, increased EBL is a risk
factor for suboptimal perioperative outcomes.*’” In a
study of 1183 patients undergoing elective, 1-level open
posterior lumbar fusion, we showed that EBL. above 275
mL with an interbody and 238 mL without an interbody
were associated with prolonged LOS beyond POD1. In
contrast, EBL had no effect on overall complications or
PROs.

Addressing EBL in spine surgery is of critical
importance and appears to be associated with periop-
erative outcomes. Studies have shown that blood loss
can result in antibiotic dilution, coagulopathy, and an
increased need for transfusions.”" The latter is known
to suppress human T-cell proliferation,” which can
translate into increased risk of postoperative surgical
site infections and urinary tract infections following
lumbar spine surgery.'*!” Blood transfusion does not
only increase operative time but also the cost-related
burden." A retrospective study involving 3262 patients
who received blood transfusions following elective
spine surgery found that even a single unit was associ-
ated with increased LOS and postoperative morbidity,
regardless of the preoperative hematocrit or patients’

Table 6. Preoperative and 3-mo PROs in patients undergoing elective 1-level open posterior lumbar fusion.

PROs Preoperative 3 mo Minimum Clinically Important P Value 3 mo to
Difference 30% Reduction at 3 mo Preoperative
With interbody
NRS back 6.8+23 34+27 432 (56.6%) <0.001
NRS leg 6.8+24 25+3.0 470 (75.3%) <0.001
ODI 46.2+13.9 27.5+174 400 (52.4%) <0.001
Without interbody
NRS back 6.7+2.7 3327 258 (61.4%) <0.001
NRS leg 6.6+2.8 2.8+3.0 241 (57.4%) <0.001
ODI 47.1+15.1 289+ 18.5 375 (53.3%) <0.001

Abbreviations: NRS, Numeric Rating Scale; ODI, Oswestry Disability Index; PROs, patient-reported outcomes.

Note: Mean + SD for continuous variables and n (%) for categorical variables.
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comorbidities.'® Although in a I-level lumbar fusion
blood clots are unlikely to occur, attempting to make
every surgery as safe as possible with minimal blood
loss is of utmost importance. Moreover, when operating
on patients with multiple comorbidities, little room for
error and a lower threshold of significant EBL exist.

Although a clear definition for significant EBL in
spine surgery is still missing, several studies have tried
to determine the precise volume of EBL that might
affect patients’ outcomes following lumbar spine
surgery. Kobayashi et al’” involved 1168 patients under-
going either open or MIS transforaminal lumbar inter-
body fusions of varying levels and found that EBL. 2500
mL was associated with prolonged LOS (OR = 1.71,
95% CI 1.07-2.75) defined as LOS =75th percentile.
They reported a mean LOS of 20.8 + 9.8 days, which
was much longer than our study (2.8 + 2.4 days with
interbody fusion, 3.0 £ 1.7 days without interbody
fusion), and found that open surgery, fused levels >3
and operative time >300 minutes also correlated with
prolonged LOS. In addition, increased age, greater
number of comorbidities, drain use, and fluid admin-
istered were all considered risk factors for increased
LOS."™™ A randomized controlled trial conducted by
Challier et al*® demonstrated a mean EBL of 364 and
271 mL in 1-level posterior lumbar fusion with and
without interbody fusion, respectively. Another study
by Huang et al® included 199 patients who underwent
lumbar fusion surgery for degenerative reasons. Signif-
icant EBL was defined as >500 mL (107 patients) and
<500 mL (92 patients). The former was associated with
a high complication rate (P = 0.002), defined as wound-
related complications, delirium, pneumonia, urinary
tract infection, transfusions, and systemic inflamma-
tory response syndrome. Significant blood loss was
also associated with prolonged LOS (P = 0.045), which
was 9.8 and 8.6 days in patients with significant and
nonsignificant EBL, respectively. Similarly, their study
was not limited to 1-level fusion, which can explain the
higher LOS compared with our study.

In this study, EBL was associated with prolonged
LOS after POD1, but no effect was related to increased
complications or 3-month PROs. LOS has been asso-
ciated with increased hospital-acquired infections and
higher risk for deep vein thrombosis.?'** Moreover,
increased LOS after spine surgery was associated with
increased risk of 90-day postoperative complication
and increased health care cost.”** Though EBL was
not associated with complications or PROs, exploring
the association of EBL with LOS can lead to better esti-
mation of LOS by the hospital administrators as well

as to implement early measures to minimize unwanted
complications. That said, it is equally useful for sur-
geons and patients to know that EBL, even if higher
than expected, was not associated with an increased risk
of complications or poor 3-month PROs.

Future studies are needed to delineate the amount
of EBL that influences patients’ outcome in multi-
level spine surgeries and spinal deformity surger-
ies. Risk factors for EBL have long been explored in
spinal deformity surgery and different ways to prevent
them,”2® yet the effect of EBL on LOS and patients’
outcome is still understudied. Preoperative estimation
of EBL should be based on the magnitude and dura-
tion of surgery, along with the surgeon’s expertise and
risk factors assessment. An accurate estimation of LOS
based on EBL and other preoperative and intraoperative
factors should focus on improving patients’ outcomes
and increased cost-effectiveness.

This study has several potential limitations. First,
errors can be present in reporting EBL by the surgeon
and/or the anesthesiologist. EBL measurement is inher-
ently inaccurate, and by definition, it is an estimation,
as blood volume can be lost in gauze or other forms of
hemostasis. Furthermore, it is sometimes poorly esti-
mated how much irrigation is used in a case. Among
general surgery procedures, frequent under and overes-
timation of EBL were demonstrated by Thomas et al*
when compared with measured blood loss as depicted
by the actual hemoglobin levels, which we did not
report. Second, there were wide SD ranges in EBL for
both interbody and noninterbody cohort, which may
be due to some cases being revision fusions and others
being primary fusions. The wide ranges may also be
due to the high number of surgeons who participated
in the registry over the 10-year registry existence and
major variation in technique and experience. Third,
from a statistical perspective, we dichotomized our
exposure variable (EBL), which was originally a con-
tinuous measure. However, a recent statistical review
drawing from the cardiology literature™ argued against
the credibility of certain thresholds such as exercise
peak oxygen uptake, ejection fraction, and brain natri-
uretic peptide, as prognostic factors in heart failure.
Though at times an apparent cutoff is easily discernible,
it can be misleading, as the authors demonstrated that
dichotomized physiological variables are often limited
and statistically biased due to an intrinsic heterogeneity
of the populations being dealt with. Overall, this study
concluded that physicians should be vigilant when
making decisions based on thresholds extrapolated
from average measurements in a certain population, and
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these thresholds can be especially useful when applied
toward high-risk individuals in clinical settings. Despite
the information lost when dichotomizing a continuous
variable, we still believe that EBL threshold might be of
benefit for spine surgeons due to its potential implica-
tion in prolonged LOS. Fourth, we did not collect details
regarding transfusions or cell-salvage devices, nor the
amount of fluid administered. Fifth, in some cases, pro-
longed LOS might be attributed to unavailable trans-
portation, administrative issues, and unsuitability of
patient’s home, among other reasons.” Sixth, this study
suffers from the inherent limitations of retrospective
cohort studies of pre-existing data, where information
may be incomplete as compared with prospectively per-
formed studies. Lastly, these data were received from a
single-center study; hence, the result may not reflect the
experience of other institutes.

CONCLUSION

In a cohort of patients undergoing 1-level posterior
lumbar fusion with and without interbody fusion, EBL
volumes above 275 mL with an interbody and 238 mL
without an interbody were associated with increased
LOS beyond POD1. However, no effect was found on
overall complications and PROs. Thus, meticulous sur-
gical technique to reduce EBL may lead to a reduction
in LOS and healthcare costs.
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