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ABSTRACT

Background: Patients often undergo circumferential (anterior and posterior) spinal fusions to maximize adult spinal
deformity (ASD) correction and achieve adequate fusion. Currently, such procedures are performed in staged (ST) or same-day
(SD) procedures with limited evidence to support either strategy. This study aims to compare perioperative outcomes and costs
of ST vs SD circumferential ASD corrective surgeries.

Methods: This is a retrospective review of patients undergoing circumferential ASD surgeries between 2013 and
2018 in a single institution. Patient characteristics, preoperative comorbidities, surgical details, perioperative complications,
readmissions, total hospital admission costs, and 90-day postoperative care costs were identified. All variables were tested
for differences between ST and SD groups unadjusted and after applying inverse probability weighting (IPW), and the results
before and after IPW were compared.

Results: The entire cohort included a total of 211 (ST = 50, SD = 161) patients, 100 of whom (ST = 44, SD = 56)
underwent more than 4 levels fused posteriorly and anterior lumbar interbody fusion (ALIF). Although patient characteristics
and comorbidities were not dissimilar between the ST and SD groups, both the number of levels fused in ALIF and posterior
spinal fusion (PSF) were significantly different. Thus, using IPW, we were able to minimize the cohort incongruities in the
number of levels fused in ALIF and PSF while maintaining comparable patient characteristics. In both the whole cohort and
the long segment fusions, postoperative pulmonary embolism was more common in ST procedures. After adjustment utilizing
IPW, both groups were not significantly different in disposition, 30-day readmissions, and reoperations. However, within the
whole cohort and the long segment fusion cohort, the ST group continued to show significantly increased rates of pulmonary
embolism, longer length of stay, and higher hospital admission costs compared with the SD group.

Conclusions: Adjusted comparisons between ST and SD groups showed staging associated with significantly increased
length of stay, risk of pulmonary embolism, and admission costs.

Level of Evidence: 2.

Lumbar Spine
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INTRODUCTION

As the global population witnesses a shift in its age dis-
tribution and instrumented spine surgery becomes more
commonplace, adult spinal deformity (ASD) has become
increasingly prevalent, resulting in greater utilization of
corrective surgeries to achieve definitive management.'™
ASD includes a spectrum of spinal pathologies that can
lead to many debilitating morbidities and ultimately poor
quality of life.>> Management of ASDs can be challeng-
ing, including identifying the nuances of each deformity
profile, as well as determining the optimal treatment plan,

which can range from nonoperative management to long-
segment surgical corrections.®” The utilization of these
spinal fusions and instrumentation for ASD treatment has
grown exponentially over the past 2 decades as a result
of improvements in the understanding of spinal defor-
mity along with advancements in technological resources
and surgical techniques.® This has been especially true in
elderly patients as the use of long fusion constructs in this
population increased 460% from 2004 to 2015.® With this
significant rise in ASD surgery, surgical morbidity and out-

. 1
comes have also increased.”'”
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Due to procedural length and technical complexities, one
of the decisions surgeons often make when planning mul-
tiapproach corrective surgeries for ASD (ie, anterior, poste-
rior, lateral, or a combination) is whether or not to stage the
procedure. There is a paucity of literature covering staged
(ST) ASD procedures due to the unique considerations
for each case.>"'™* Some surgeons prefer to perform each
approach separately as, in theory, this should minimize the
morbidity of complex spine surgery related to the duration
of the surgery, especially when many patients are elderly
with associated comorbidities. Other surgeons favor com-
bining approaches into same-day (SD) surgery. This school
of thought aims to reduce the total operative time, blood
loss, and use of anesthesia, as well as the medical complica-
tions associated with lengthy hospital stays. SD procedures
may also help decrease the high cost of ASD surgery and
theoretically shorten hospital stay. The significant complex-
ity associated with ASD corrective surgeries, as well as the
comorbidities often associated with the patient population,
tends to raise health care costs per episode of care.'” Indeed,
hospital costs for elective lumbar spinal fusions surpassed
the margin of $10 billion in 2015, while the mean cost per
admission exceeded $50,000."

While differences between performing ASD procedures
on the SD or in an ST manner are modestly covered, the
available literature has many limitations. The studies rely
on small samples, making recommendations difficult to
interpret.'®"” To combat this, some studies include diverse
pathologies such as neoplastic, infectious, or traumatic
causes requiring complex spine surgery. However, this
results in data that cannot be used to guide treatments for
specific populations.'*'®

The purpose of the present study is to analyze the dif-
ferences in intraoperative and postoperative complication
profiles, length of stay (LOS), readmission rates, discharge
dispositions, and costs of ST and SD complex corrective
surgeries in ASD patients after accounting for preoperative
and surgical variations, including a subgroup analysis of
patients undergoing correction involving more than 4 spinal
levels.

METHODS

Data Source

This study is a retrospective review of a single insti-
tution’s electronic medical records of patients with
ASD-related pathologies who underwent ASD correc-
tive surgeries between 2013 and 2018. Inclusion crite-
ria for this study included age >18 years at the time of
surgery and diagnoses of ASD (ie, flatback syndrome,
spondylolisthesis, degenerative disc disease, scoliosis,

kyphoscoliosis, and failed back syndrome) and undergo-
ing combined anterior lumbar interbody fusion (ALIF)
and open posterior lumbar or thoracolumbar instrumented
spinal fusion (posterior spinal fusion [PSF]). Exclusion
criteria included patients undergoing spine surgery for
treatment of neoplastic, traumatic, or infection-related
diagnoses or patients undergoing interbody fusion proce-
dures using any approach that was not an open ALIF.

Study Design

The patient cohort was divided into 2 groups: ST or SD.
Only patients who received ST procedures (2 separate visits
to the OR with 2 separate anesthesia events) during the
same admission were included in the study; patients who
received ST procedures on separate admission encounters
were excluded. SD patient group underwent ALIF and PSF
procedures on the same day in a single visit to the OR with
one anesthesia event.

Data Collection

The data utilized in the study included patients’ demo-
graphics, characteristics, preoperative comorbidity diagno-
ses, surgical details, intraoperative complications (including
durotomy, vascular injury, neuromonitoring deterioration,
hypovolemic shock, ST elevation, or respiratory compro-
mise), postoperative complications (including acute blood
loss, deep venous thrombosis/pulmonary embolism [DVT/
PE], altered mental status, arrhythmias, fever/bacteremia,
transient ischemic attack or strokes, respiratory distress,
hematoma, surgical site infection, and instrument-related
complications), readmissions, reoperations, disposition,
and LOS. Additionally, total hospital admission costs and
postoperative 90-day cost of care were included when
available.

Statistical Analysis

All patient demographics, preoperative comorbidities,
surgical details, postoperative complications, LOS, cost,
readmission, and reoperations were assessed unadjusted
and after inverse probability weighting (IPW). The methods
utilized allowed for comparisons between the unadjusted
and IPW results while remaining appropriate in isolation.
This approach was used for the entire cohort and a sub-
group of patients, including only those undergoing 4 or
more levels of posterior fusion.

Unadjusted

Normality was assessed for continuous variables through
a Shapiro Wilk’s test and visual inspection of the histo-
gram and quantile-quantile plot. For variables that were
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approximately normal, ¢ tests were performed on the dif-
ferences between ST and SD groups; the mean differences
and their 95% ClIs were reported. For variables significantly
non-normal, a log transformation was applied, and for each
log outcome, 1-way analyses of variance were run; normal-
ity of the residuals were tested, and the mean ratios of ST
to SD with their 95% ClIs were reported. For the categori-
cal variables, Fisher’s exact tests were used to identify any
significant associations between both groups, and the odds
ratios with their exact 95% Cls were reported.

Inverse Probability Weighting

To control for patient characteristics and comorbidity dif-
ferences between the ST and SD groups, we created a pseu-
doexperiment with IPW. It was essential that there was no
evidence of a dissimilar number of levels fused in ALIF and
the number of levels fused in PSF between cohorts while
simultaneously minimizing differences in patient charac-
teristics and comorbidities. Due to sample size restrictions,
we were unable to weight base all patient demographics,
comorbidities, and surgical details. For the full cohort, our
weighting variables included race, sex, smoking status,
number of levels fused in ALIF, and number of levels fused
in PSE, while for the 4+ number of levels fused in PSFE, our
weighting variables included body mass index (BMI), pre-
operative American Society of Anesthesiologists (ASA),
number of levels fused in ALIF, and number of levels fused
in PSE. These variable selections minimized differences in
the ST and SD groups in their respective analyses.

For continuous outcomes, 1-way analyses of variance
with the probability weights were constructed, and the
residuals were assessed. If the residuals were approximately
normal, the mean differences and their 95% CIs were
reported. If the residuals were significantly non-normal, log
transformations were applied to the outcome, and normality
of the residuals were reassessed; the mean ratios of ST to
SD with their 95% Cls were reported. For binary variables,
univariate logistic regressions with the probability weights
included were fit, and the odds ratios with their 95% Wald
ClIs were reported. All statistical analyses were performed
using Stata version 17.0.

RESULTS
Univariate Analysis and IPW
Patient Population
Whole Cohort

A total of 211 patients (ST = 50, SD = 161) were
included in this analysis. There was no significant dif-
ference in age and sex distribution, mean BMI, and

smoking status between the groups. The racial distri-
bution was significantly different between both groups,
with significantly more White patients in the ST group.
However, after IPW, the differences in race were no
longer seen (Table 1).

Long Segment (LS) Cohort

Within the subgroup of 100 patients who underwent
fusion of more than 4 levels (ST = 44, SD = 56), the
ST and SD groups were not significantly different in
terms of demographics, including age, sex, mean BMI,
smoking status, and race (Table 2).

Preoperative Comorbidities
Whole Cohort

Both surgical groups were not significantly differ-
ent in the incidence of diabetes mellitus, history of PE/
DVT, hyperlipidemia, hypertension, ischemic heart
disease, other cardiovascular comorbidities, anemia,
coagulation disorders, mood disorders, other psychi-
atric comorbidities, thyroid disorders, and postmeno-
pausal osteoporosis defined as a bone marrow density
T-score —2.5 or less, preoperative ASA grades, and
chronic obstructive pulmonary disease (COPD) in the
unadjusted analysis. In the IPW model, patients under-
going ST procedures had a significantly higher rate of
COPD (OR = 8.6, P = 0.006), a necessary sacrifice to
ensure nonsignificantly different levels fused ALIF and
PSF (Table 1).

LS Cohort

The association between ST procedures and COPD
was not seen in the cohort of patients who underwent
more than 4 levels of fusion. In this subgroup, all other
comorbidities as listed above were not significantly dif-
ferent with unadjusted or IPW analyses (Table 2).

Surgical Details
Whole Cohort

As expected, univariate comparison of both surgi-
cal groups showed significantly more levels fused for
the ST vs the SD group. ST group underwent a signifi-
cantly higher number of levels fused via ALIF than in
the SD group (74% with 2 or more levels fused vs 48%,
P < 0.001). We observed a higher mean number of
levels fused via PSF for the ST group than the SD
group, and the expected number of levels fused in
PSF for the ST group is 2.8 times greater than the SD
group (P < 0.001). We observed higher mean combined
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Table 1. Preoperative characteristics for the whole cohort.

Unadjusted IPW
OR (95% CI) OR (95% CI)
Characteristic ST (n =50) Same-Day (r = 161) Diff (95% CI) P Diff (95% CI) P
Age,y
Range (median) 29-76 (58) 19-83 (57) 2.71 (-0.57, 5.98) 0.105 3.08 (-2.27, 8.44) 0.257
Mean (SD) 58.7 (8.9) 56.0 (13.7)
Female sex, n (%) 30 (60.0%) 106 (65.8%) 0.78 (0.39, 1.59) 0.500 1.13 (0.40, 3.24) 0.814
Race, n (%)
White 46 (92.0%) 121 (75.2%) Reference 0.008* Reference 0.792
Black 1 (2.0%) 28 (17.4%) 0.09 (0.01, 0.71) 0.60 (0.08, 4.85)
Other 3 (6.0%) 12 (7.5%) 0.66 (0.18, 2.44) 1.56 (0.23, 10.75)
BMI, kg/m®
Range (median) 20.6-42.0 (28.8) 18.8-46.0 (28.5) 0.57 (-1.13,2.27) 0.505 1.96 (-0.07, 3.99) 0.089
Mean (SD) 29.2(5.2) 28.7 (5.4)
Smoker 6 (12.0%) 28 (17.4%) 0.65 (0.21, 1.74) 0.509 1.53 (0.33,7.14) 0.587
Substance user 2 (4.0%) 9 (5.6%) 0.70 (0.07, 3.55) >0.99 0.53 (0.10,2.91) 0.468
Comorbidities
Diabetes mellitus 6 (12.0%) 24 (14.9%) 0.78 (0.24, 2.13) 0.817 1.46 (0.33, 6.52) 0.622
COPD 7 (14.0%) 8 (5.0%) 3.11 (0.90, 10.39) 0.052 8.60 (1.83, 40.30) 0.006*
History of prior deep venous 2 (4.0%) 12 (7.5%) 0.52 (0.05, 2.46) 0.527 0.69 (0.10, 4.69) 0.701
thrombosis/pulmonary embolism
Hyperlipidemia 15 (30.0%) 57 (35.4%) 0.78 (0.36, 1.62) 0.609 1.67 (0.54,5.15) 0.373
Hypertension 32 (64.0%) 85 (52.8%) 1.59 (0.79, 3.26) 0.194 1.03 (0.35, 3.04) 0.952
Other cardiac diagnoses 12 (24.0%) 33 (20.5%) 1.22 (0.52,2.73) 0.693 1.22 (0.30, 4.90) 0.782
Anemia 1 (2.0%) 9 (5.6%) 0.34 (0.01, 2.61) 0.458 0.31 (0.04, 2.64) 0.283
Coagulation disorders 2 (4.0%) 6 (3.7%) 1.08 (0.10, 6.27) >0.99 0.56 (0.10, 3.26) 0.519
Thyroid disorders 10 (20.0%) 33 (20.5%) 0.97 (0.39, 2.24) >0.99 0.54 (0.20, 1.43) 0.213
Postmenopausal osteoporosis 3(6.0%) 13 (8.1%) 0.69 (0.12, 2.67) 0.765 2.22(0.32, 15.61) 0.422
Preoperative ASA score
1 1(2.0%) 1 (0.6%) Reference 0.446 Reference 0.945
2 32 (64.0%) 111 (68.9%) 0.29 (0.02, 4.74) 0.93 (0.05, 16.17)
3 17 (34.0%) 49 (30.4%) 0.35 (0.02, 5.86) 0.78 (0.04, 14.12)

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; COPD, chronic obstructive pulmonary disease; IPW, inverse probability weighting; ST, staged.
Note: There was no significant difference in age and sex distribution, mean BMI, ASA classification, preoperative comorbidities, or smoking status between the groups. The racial
distribution was significantly different, with more White patients in the ST group. However, after IPW, there was no significant difference in race. In the IPW model, patient’s undergoing ST

procedures had a significantly higher rate of COPD (OR = 8.6, P = 0.0063).
*Signifies P < 0.05.

estimated blood loss ST group than the SD group, and
the expected combined estimated blood loss (EBL) for
the ST group is 2.3 times greater than the SD group (P
< 0.001). With IPW, the significant differences between
the ST and SD groups with respect to number of levels
were not recapitulated, indicating that IPW was able to
control for this difference in analysis. The median dura-
tion between ST procedures was 2.9 days with a range
of 0 to 22 days (Table 3).

LS Cohort

For patients undergoing more than 4 levels of fusion,
the number of levels fused anteriorly was significantly
higher in ST procedures on unadjusted analysis (75%
with 2 or more levels fused vs 39%, P < 0.001). We
observed a higher mean number of levels fused via PSF
for the ST group than the SD group (mean = 10 vs 7.3),
and the expected number of levels fused in PSF for the
ST group was 1.4 times greater than it was for the SD
group (P < 0.001). These differences were not seen on
IPW analysis. In those undergoing more than 4 levels
of fusion, EBL averaged 1224.9 mL, and the expected
ratio of combined EBL between SD and ST was not
significantly different between ST and SD groups on

either unadjusted or IPW analysis. The median duration
between ST procedures was 2.9 days with a range of
0-22 days for the LS cohorts (Table 3).

Perioperative Complications
Whole Cohort

Intraoperative complications were recorded in 11 cases
(5.2%), and the ST group showed a significantly higher inci-
dence compared with the SD group (OR = 6.4, P = 0.004).
The total number of patients with postoperative compli-
cations was 88 (41.7%; Table 3). Similarly, the ST group
showed a significantly higher number of patients with post-
operative complications compared with the SD group in the
univariate analysis (OR 2.97, P = 0.001). Additionally, the
ST group had a significantly higher incidence of postoper-
ative PE, altered mental status or delirium, cardiac arrhyth-
mia, and surgical site infections. Both groups were similar
in the rates of postoperative fever/bacteremia, respiratory
distress, new-onset lower extremity (LE) pain or weakness,
the development of wound-related hematoma anteriorly,
posteriorly, or in total, and instrumentation-related compli-
cations (Figure 1). Using IPW, the rate of postoperative PE
remained significantly higher in ST vs SD (12% vs 1.2%,
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Table 2. Preoperative characteristics for the long segment cohort.

Unadjusted IPW
OR (95% CI) OR (95% CI)
Characteristic ST (n =44) SD (n = 56) Diff (95% CI) P Diff (95% CI) P
Age,y
Range (median) 29-76 (59) 23-81 (63.5) 3.20 (-7.36, 0.96) 0.130 2.87 (-7.47,1.73) 0.219
Mean (SD) 58.8 (9.0) 62.0 (11.9)
Female sex, n (%) 28 (63.6) 44 (78.6) 0.48 (0.18, 1.27) 0.119 0.57 (0.18, 1.77) 0.330
Race, n (%)
White 40 (90.9%) 44 (78.6%) Reference 0.073 Reference 0.052
Black 1(2.3%) 9 (16.1%) 0.12 (0.01, 1.01) 0.06 (0.01, 0.59)
Other 3 (6.8%) 3(5.4%) 1.10 (0.21, 5.77) 0.98 (0.12,7.95)
BMI, kg/m®
Range (median) 20.6-41.9 (28.8) 18.8-42.1 (27.9) 1.33 (-0.78, 3.45) 0.214 0.13 (-2.01,2.27) 0.907
Mean (SD) 29.2(5.2) 27.8 (5.3)
Smoker, n (%) 4(9.1%) 5(8.9%) 1.02 (0.19, 5.08) >0.99 1.11 (0.26, 4.78) 0.885
Substance user, n (%) 2 (4.6%) 3 (5.4%) 0.84 (0.07, 7.71) >0.99 1.06 (0.16, 7.03) 0.954
Comorbidities
Diabetes mellitus 5(11.4%) 7 (12.5%) 0.90 (0.21, 3.58) >0.99 1.97 (0.48, 8.03) 0.344
Chronic obstructive pulmonary disease 5(11.4%) 3(5.4%) 2.27(0.41, 15.33) 0.295 2.71 (0.58, 12.66) 0.204
History of prior deep venous thrombosis/ 1(2.3%) 6 (10.7%) 0.19 (0.00, 1.72) 0.131 0.34 (0.04, 3.06) 0.338
pulmonary embolism
Hyperlipidemia 14 (31.8%) 27 (48.2%) 0.50 (0.20, 1.23) 0.107 0.92 (0.34, 2.49) 0.869
Hypertension 29 (65.9%) 33 (58.9%) 1.35(0.55, 3.34) 0.537 0.91 (0.33,2.52) 0.862
Other cardiac diagnoses 11 (25.0%) 16 (28.6%) 0.83 (0.30, 2.22) 0.821 1.04 (0.35, 3.04) 0.948
Anemia 1(2.3%) 3(5.4%) 0.41 (0.01, 5.37) 0.629 0.67 (0.06, 7.26) 0.741
Coagulation disorders 2 (4.6%) 2 (3.6%) 1.29 (0.09, 18.37) >0.99 3.57 (0.39, 33.06) 0.262
Thyroid disorders 10 (22.7%) 12 (21.4%) 1.08 (0.37, 3.10) >0.99 1.69 (0.59, 4.81) 0.330
Postmenopausal osteoporosis 2 (4.9%) 5(9.8%) 0.47 (0.04, 3.10) 0.455 0.46 (0.08, 2.78) 0.398
Preoperative ASA score
2 29 (65.9%) 34 (60.7%) Reference 0.678 Reference 0914
3 15 (34.1%) 22 (39.3%) 0.80 (0.32, 1.96) 0.95 (0.37, 2.46)

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; IPW, inverse probability weighting; SD, same-day; ST, staged.
Note: Within the subgroup of 100 patients who underwent >4 levels of fusion (ST = 44, SD = 56), the ST and SD groups were not significantly different in demographics or preoperative

comorbidities.

P =0.045; Figure 2), and unlike in the unadjusted analysis,
the odds of fever/bacteremia were significantly higher for
the ST group (OR =12.2, P =0.014), while the odds of total
hematoma were significantly lower for the ST group (OR =
0.1008, P = 0.049; Table 4).

LS Cohort

Intraoperative complications were recorded in 8 patients
(8%) with no statistically significant difference between
ST and SD groups (Table 3). There were 63 patients (63%)
with a postoperative complication within the LS cohort
with no difference between the ST and SD groups on unad-
justed analysis (Table 4; Figure 1). However, IPW showed
a significant difference in the rate of postoperative PE in the
ST vs SD groups (OR =12.96, P = 0.025; Figure 2).

LOS and Disposition
Whole Cohort

In both unadjusted and IPW analyses, we observed a
longer LOS for the ST group than for the SD group (10.8
vs 4.8 days), and the ST group was expected to have
LOS 2.2 times longer than the SD group (P < 0.001;
Figure 3). The disposition of patients in the total cohort
after discharge was also significantly different as the
ST group showed a greater number of discharges to a

skilled nursing facility (SNF) or inpatient rehabilitation
(60% vs 30.4%, P < 0.001). With IPW, the discharge
disposition was no longer statistically significant, but
LOS was similarly significant (Table 5).

LS Cohort

In both unadjusted and IPW analyses, we observed
a longer length of stay for the ST group than for the
SD group (10.5 days vs 6.2 days), and the ST group
was expected to have length of stay 1.7 times longer
than the SD group (P < 0.001) (Figure 3). There was
no significant difference in discharge disposition. One
patient in the ST group undergoing fusion of more than
4 levels died during primary hospitalization on postop-
erative day 6 after becoming bradycardic and requiring
multiple rounds of cardiopulmonary resuscitation for
pulseless electrical activity (Table 5).

Reoperations and Readmissions
Whole Cohort

The total 30-day readmission in the study’s cohort
was 25 (11.8%), while 29 (13.7%) 90-day readmissions
were recorded. Thirty- and 90-day readmission rates were
similar in both groups. The rate of reoperations during the
index surgery admission was not significantly different
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Unadjusted IPW
OR (95% CI) OR (95% CI)
Characteristics ST SD Ratio (95% CI) P Ratio (95% CI) P
‘Whole Cohort
n 50 161
Duration between procedures when staged, d*
Range (median) 1-20 (2) -
Mean (SD) 2.9(2.8) -
Number of levels fused in ALIF, n (%)
1 13 (26.0%) 84 (52.2%) Reference <0.001* Reference 0.603
2 22 (44.0%) 68 (42.2%) 2.09 (0.98, 4.45) 1.42 (0.43, 4.69)
3 14 (28.0%) 8 (5.0%) 11.3 (3.97, 32.20) 1.99 (0.52, 7.63)
4 1(2.0%) 1(0.6%) 6.46 (0.38, 109.70) 0.37 (0.02, 6.72)
Number of levels fused in PSF
Range (median) 1-16 (8) 1-15(2) 2.79 (2.20, 3.54) <0.001* 1.29 (0.81, 2.05) 0.275
Mean (SD) 9.1 (4.5) 3.8(3.2)
Combined EBL, mL
Range (median) 25-4000 (1200) 25-5100 (350) 2.28(1.61,3.22) <0.001* 1.07 (0.62, 1.83) 0.819
Mean (SD) 1220 (891.5) 609.2 (710.5)
Total intraoperative complications, n (%) 7 (14.0%) 4 (2.5%) 6.39 (1.52, 30.83) 0.004* 2.94(0.55, 15.74) 0.207
LS Cohort
n 44 56
Duration between procedures when staged, d*
Range (median) 0-22(2) -
Mean (SD) 2.9(2.9) -
Number of levels fused in ALIF, n (%)
1 11 (25.0%) 34 (60.7%) Reference <0.001* Reference 0.322
2 18 (40.9%) 17 (30.4%) 3.27 (1.27, 8.46) 1.05 (0.34, 3.20)
3 14 (31.8%) 4(7.1%) 10.82 (2.94, 39.80) 2.49 (0.59, 10.44)
4 1 (2.3%) 1 (1.8%) 3.09 (0.18, 53.65) 0.17 (0.01, 3.14)
Number of levels fused in PSF
Range (median) 4-16 (8) 4-15 (8) 1.37 (1.17, 1.62) 0.002* 1.09 (0.86, 1.39) 0.457
Mean (SD) 10 (3.9) 7.3 (3.1)
Combined EBL, m
Range (median) 25-4000 (1300) 25-5100 (875) 1.31 (0.89, 1.92) 0.088 0.82(0.48, 1.40) 0.471
Mean (SD) 1351.7 (869) 1127.6 (945.4)
Total intraoperative complications, n (%) 6 (13.6%) 2 (3.6%) 4.26 (0.70, 44.80) 0.133 4.25(0.73, 24.92) 0.109

Abbreviations: ALIF, anterior lumbar interbody fusion; EBL, estimated blood loss; IPW, inverse probability weighting; LS, long segment; PSF, posterior spinal fusion; SD, same day; ST,

staged.

Note: Intraoperative complications in the whole cohort were recorded in 11 cases (5.2%), with the ST group showed a significantly higher incidence compared with the SD group (OR = 6.4,
P =0.004). In the LS cohort, intraoperative complications were recorded in 8 patients (8%) with no statistically significant difference between ST and SD groups (Table 2).

*Signifies P < 0.05.

“The median duration between the staged procedures was 2.9 days with a range of 0 to 22 days for the LS and whole cohort.

between groups. However, total reoperations, including
reoperations on readmissions, were significantly higher in
the ST group (P = 0.011), though this difference was not
seen using IPW (Table 5).

LS Cohort

There was no significant difference in the unadjusted or
IPW analyses of 30- (15.9% vs 14.3%) and 90-day (22.7%
vs 14.3%) readmission rates in patients undergoing more
than 4 levels of fusion between ST or SD groups. Reop-
erations did not significantly differ between groups within
this cohort (Table 5).

Hospital Cost Analysis
Whole Cohort

We observed the mean cost for SD patients was $71,193
compared with $145,907 for ST patients. For the unad-
justed analysis, the average cost was 1.9 times greater in
the ST group vs the SD group (95% CI 1.6008, 2.2698, P <

0.001). This was also seen with IPW with the average cost
being 1.6 times greater in the ST group (95% CI 1.0733,
2.2887, P =0.020). While still significantly different, con-
trolling for possible confounding with IPW dropped the
cost ratio by approximately 40% (Figure 4).

LS Cohort

The mean cost for SD patients with more than 4 levels
fused was $93,267.67 compared with $153,481.20 for ST
patients. The average cost for the ST group was 1.5 times
greater than in the SD group (95% CI 1.2169, 1.8182, P <
0.001). This significance was again seen using [PW, with
the average cost being 1.5 times greater in the ST group
(95% C11.1730, 1.8728, P = 0.001; Figure 4).

DISCUSSION

While our understanding of ASD pathologies and
correction techniques has improved exponentially,
the complexity of the surgeries combined with the
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Figure 1. Postoperative complications. In the whole cohort, the staged (ST) group had more complications compared with the same-day (SD) group in the
univariate analysis (OR 2.97, P = 0.001) and significantly higher incidence of postoperative pulmonary embolism (PE), altered mental status or delirium, cardiac
arrhythmia, and surgical site infections. There were 63 patients (63%) with a postoperative complication within the long segment cohort with no difference between
ST and SD groups on unadjusted analysis. Abbreviations: AMS, altered mental status; DVT, deep venous thrombosis; IPW, inverse probability weighting; LE, lower
extremity; LS, long segment; PE, pulmonary embolism; SNF, skilled nursing facility; TIA, transient ischemic attack.
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Post-Operative DVT/PE by Cohort and Analysis

Whole Cohort
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Figure 2. Postoperative PE. Using IPW, the rate of PE was significantly higher in staged (ST) vs same-day (SD) groups in the whole cohort (12% vs 1.2%, P =
0.045). In the long segment cohort, there was a significant difference in the rate of postoperative PE in the ST vs SD group (OR = 13.0, P = 0.24). Abbreviations:
DVT, deep venous thrombosis; IPW, inverse probability weighting; LS, long segment; PE, pulmonary embolism.

increasing age and age-related comorbidities of the
ASD population often complicates the patients’ hospi-
tal stays, affects their quality of life, and inflates health
care costs.'”? Proper surgical planning can be critical
to mitigating the high morbidity of multiapproach ASD
surgeries, including the decision to stage surgeries or
combine approaches on the same day.”® The literature,
however, still lacks high-quality evidence of the superi-
ority of one strategy over the other.

Three decades ago, Shufflebarger et al retrospec-
tively reported a comparison of ST (n = 35) vs SD (n
= 40) corrective surgery for spinal deformity patients.
Their data showed significantly shorter operative time
and LOS, less blood loss, more favorable deformity
correction, and lower postoperative complications
rates in the SD group vs the ST group.'® Notably, their
patient cohort included several categories of spinal
deformity, including congenital and degenerative
spinal pathologies, and their protocol for staging the

anterior and posterior spinal fusion included 7 to 10
days between procedures. Viviani et al reported a retro-
spective comparison of 1- (n = 11) vs 2-stage (n = 11)
anterior and posterior spinal fusions. The inclusion of
patients to either group was based on preoperative risk
assessment as well as the feasibility to combine both
anterior and posterior approaches that would last for a
total maximum operative time of 9 hours. The 1-stage
groups showed a significantly more favorable postoper-
ative morbidity profile. Additionally, the 1-stage group
showed shorter LOS and less EBL."!

In 2012, Passias et al reported a population-based
national discharge data analysis to analyze periopera-
tive outcomes of 11,265 circumferential spine surger-
ies between 1998 and 2006. They compared SD vs
ST circumferential spine surgeries, which showed a
higher rate of perioperative complications among the
ST group.'? Similar to our findings, the incidence of
postoperative venous thrombosis and acute respiratory
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Table 4. Postoperative characteristics.

Unadjusted IPW
OR (95% CI) OR (95% CI)
Complications ST SD Ratio (95% CI) P Ratio (95% CI) P
‘Whole Cohort
n 50 161
No. of patients with postoperative complications 31 (62.0%) 57 (35.4%) 2.98 (1.47, 6.09) 0.001°* 2.28 (0.75,6.91) 0.146
Acute blood loss anemia requiring transfusion 14 (28.0%) 29 (18%) 1.77 (0.78, 3.89) 0.159 1.74 (0.56, 5.41) 0.338
DVT/PE 6 (12.0%) 2 (1.2%) 10.84 (1.83, 111.79) 0.003* 10.92 (1.80, 66.15) 0.045*
AMS/delirium 8 (16.0%) 6 (3.7%) 4.92 (1.4, 18.05) 0.006* 2.34(0.54, 10.17) 0.257
Cardiac arrhythmia 3(6.0%) 1 (0.6%) 10.21 (0.79, 539.36) 0.042* 6.05 (0.58, 63.72) 0.134
Fever/bacteremia 2 (4.0%) 3 (1.9%) 2.19 (0.18, 19.66) 0.339 12.18 (1.67, 88.74) 0.014%*
transient ischemic attack/stroke 1(2.0%) 1 (0.6%) 3.27 (0.04, 257.88) 0.419 1.74 (0.10, 29.51) 0.701
Respiratory distress 3(6.0%) 53.1%) 1.99 (0.30, 10.64) 0.397 0.74 (0.15, 3.63) 0.711
New-onset LE pain 2 (4.0%) 13 (8.1%) 0.47 (0.05, 2.22) 0.529 0.52(0.08, 3.51) 0.503
New-onset LE weakness 1(2.0%) 8 (5.0%) 0.39 (0.01, 3.05) 0.689 0.67 (0.07, 6.17) 0.724
Hematoma 1(2.0%) 6 (3.7%) 0.53(0.01, 4.52) >0.99 0.10 (0.01, 0.99) 0.049%*
Surgical site infections 5 (10.0%) 1 (0.6%) 17.78 (1.89, 845.85) 0.003* 7.73 (0.83,72.17) 0.073
Instrumentation-related complications 1(2.0%) 1(0.6%) 3.27 (0.04, 257.88) 0.419 3.74 (0.22, 63.44) 0.361
LS Cohort
n 44
No. of patients with postoperative complications 30 (68.2%) 33 (58.9%) 1.49 (1.47, 6.09) 0.406 1.42(0.52, 3.89) 0.495
Acute blood loss anemia requiring transfusion 13 (29.6%) 22 (39.3%) 0.65 (0.78, 3.89) 0.399 0.50 (0.18, 1.39) 0.181
DVT/PE 5(11.4%) 1(1.8%) 7.05 (1.37,94.4) 0.084 12.96 (1.39, 121.12) 0.025*
AMS/delirium 7 (15.9%) 3 (5.4%) 3.34 (1.40, 18.05) 0.101 3.73(0.81, 17.19) 0.091
Cardiac arrhythmia 3 (6.8%) 1 (1.8%) 4.02 (0.79, 539.36) 0.317 4.68 (0.44, 49.63) 0.201
Fever/bacteremia 1(2.3%) 2 (3.6%) 0.63 (0.18, 19.65) >0.99 3.77 (0.32, 44.48) 0.291
TIA/Stroke 1(2.3%) 1(1.8%) 1.28 (0.04, 257.88) >0.99 1.47 (0.09, 24.87) 0.791
Respiratory distress 3 (6.8%) 2 (3.6%) 1.98 (0.30, 10.64) 0.652 1.47 (0.22,9.98) 0.693
New-onset LE pain 1(2.3%) 6 (10.7%) 0.19 (0.05, 2.22) 0.131 0.14 (0.01, 1.57) 0.112
New-onset LE weakness 0 (0.0%) 5(8.9%) 0.00 (0.00, 3.05) 0.065 - -
Hematoma 1(2.3%) 3 (5.4%) 0.41 (0.01, 4.52) 0.084 0.22 (0.02, 2.36) 0.210
Surgical site infections 5(11.4%) 1(1.8%) 7.05 (1.89, 845.85) >0.99 4.16 (0.45, 38.50) 0.210
Instrumentation-related complications 1(2.3%) 1(1.8%) 1.28 (0.04, 257.88) 0.629 1.64 (0.10, 27.86) 0.731

Abbreviations: AMS, altered mental status; DVT, deep venous thrombosis; IPW, inverse probability weighting; LE, lower extremity; LS, long segment; PE, pulmonary embolism; SD, same

day; ST, staged; TIA, transient ischemic attack.

Note: The total number of patients with postoperative complications was 88 (41.7%), with significantly more in the SD group in the univariate analysis (OR 2.97, P = 0.001). There were 63
(63%) patients with postoperative complications within the LS cohort with no difference between the ST and SD groups on unadjusted analysis. IPW showed a significant difference in the

rate of postoperative PE in the ST vs SD group (OR = 13.0, P = 0.24).
*Signifies P < 0.05.

distress syndrome was significantly higher among the
ST group with increasing odds of mortality and mor-
bidity compared with the SD group. In 2017, Passias
et al performed another retrospective analysis of pro-
spective multicenter data comparing open ST (n = 71)
vs SD (n =71) spine surgery in ASD patients, utilizing
a propensity score matching to adjust for the preoper-
ative differences between both groups. Again, patients
in the ST groups had significantly more complications
resulting in reoperations. While the incidences of intra-
operative complications, infections, wound complica-
tions, and 2-year mortality were similar, the incidence
of revision surgery at 2-year follow-up remained higher
in the ST group.'® Both studies confirm the equal, if not
superior, profile of SD compared with ST surgeries.'*'°
However, these studies were not limited to circumfer-
ential corrective surgeries, which is a unique aspect of
our cohort.

There is great variability in the decision-making
process that determines whether or not to stage ASD
cases among spine surgeons. While surgeons typically
utilize the available information about patients’ health
to optimize the surgical plan, the differences in surgical

training backgrounds and preferences often become
important determining factors. Many external factors
can also influence the surgical planning of complex
spinal deformity correction, including organizational
factors such as OR and staff availability, as well as
patient preference. Notably, not all health care systems
have the same degree of resource availability, which can
be a critical factor in planning procedures. This vari-
ation also highlights the relative paucity of data com-
paring ST to SD spinal fusions. Together, this makes it
difficult to create generalized guidelines for ASD treat-
ment, which is why we aimed to evaluate outcomes from
a large cohort of ASD procedures from a multisurgeon
academic center. Studying this patient population in this
context limits the variability encountered in different
practice settings/institutions. Of note, this patient group
consists exclusively of patients who received ALIF and
PSF. We deliberately excluded cases that underwent
other interbody fusion procedures using any approach
that was not an open anterior approach in order to avoid
additional variability in the surgical characteristics of
both groups and to remove the surgical approach from
the potentially confounding factors in our analysis.21
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Length of Stay Distribution by Cohort and Analysis

Whole Cohort LS Cohort
50%
40%
S
c
@ =]
-qc-; 30% .3-.
=
g @
a Q
20%
10%
0% .
50%
40%
[0}
o]
8
g 30% =
B
o =
[}
o
20%
10%
ol |
0 10 20 30 40 50 0 10 20 30 40 50
Length of Stay (Days) Length of Stay (Days)
. Staged D Same-Day

Figure 3. Length of Stay: In both unadjusted and IPW analyses, the length of stay for the staged (ST) group was longer than the same-day (SD) group (10.8 vs
64.8 days), and the ST group was expected to have length of stay 2.2 times longer than the SD group (P < 0.0001) in the whole cohort. In the long segment cohort,
on both unadjusted and IPW analyses, we observed a longer length of stay for the ST group than the SD group (10.5 vs 6.2 days), and the ST group was expected
to have length of stay 1.7 times longer than the SD group (P < 0.0001). Abbreviations: IPW, inverse probability weighting; LS, long segment.

In this present study, we carefully screened the past
medical and surgical history of the patient population.
Within the full cohort, the ST group underwent signifi-
cantly more invasive circumferential spine fusions and
had more intraoperative and postoperative complica-
tions, reoperations, and disposition to inpatient rehabili-
tation or SNF. As a sensitivity analysis to account for the
patient characteristics, comorbidities, and surgical dif-
ferences between both groups, we utilized IPW to mine
for actual significant differences after controlling for
possible confounders. Furthermore, in order to appro-
priately compare SD vs ST procedures and mitigate the
differences accounted for by complexity of surgery, the
patients were subdivided into those undergoing more
than 4 levels of posterior fusion for both unadjusted uni-
variate and [PW analysis. Following these analyses, the
differences in perioperative outcomes were no longer
significant after IPW except for PE and LOS, which

10 International Journal of Spine Surgery, Vol. 0

remained significantly higher for the ST group after
IPW in both the full cohort and the LS cohort.
Extended hospitalization is independently associated
with increased hospital costs after ASD surgeries. This
finding has been reported by Stephens et al, who also
reported other drivers of increased overall costs such
as COPD, diabetes mellitus, number of fused levels,
operative time, 90-day readmission, and utilization of
inpatient rehabilitation.” To look further into the impli-
cations of the increased LOS, we performed a cost anal-
ysis to identify significant differences in hospital costs.
This analysis showed significantly higher total hospi-
tal admission costs in the ST group, highlighting the
expected association between longer hospitalizations
and increased costs. Importantly, this finding was seen
in the whole cohort and within those patients under-
going more than 4 levels of fusion on IPW. While the
extended hospitalizations in the ST group can partially

Downloaded from htt;i')s:/{)wvl\\fw.i&s&lrgery.corm by guest on October 19, 2024
, No.


https://www.ijssurgery.com/

Albayar et al.

Table 5. Length of stay and readmissions.

Unadjusted IPW
OR (95% CI) OR (95% CI)
Outcome Measure ST Same-Day Ratio (95% CI) P Ratio (95% CI)
‘Whole Cohort
LOS (d)
Range (median) 4-44 (8.5) 12.5-22 (4) 2.17(1.87,2.52) <0.001* 1.86 (1.43,2.42) <0.001*
Mean (SD) 10.8 (6.8) 4.8 (2.5)
Disposition
Home 19 (38.0%) 112 (69.6%) Reference <0.001* Reference 0.329
SNF 6 (12.0%) 9 (5.6%) 3.54(1.75,7.14) 3.39 (0.63, 18.16)
Rehabilitation 24 (48.0%) 40 (24.8%) 3.93 (1.26, 12.31) 1.70 (0.51, 5.62)
Death 1(2.0%) 0 (0.0%) - -
Reoperation during first admission 4 (8.0%) 53.1%) 2.71(0.51, 13.11) 0.221 2.16 (0.40, 11.58) 0.367
Reoperation during readmission 7 (14.0%) 8 (5.0%) 2.27 (0.54, 9.66) 0.072 0.86 (0.23, 3.26) 0.823
Total reoperations 11 (22.0%) 13 (8.1%) 3.21(1.19, 8.41) 0.011%* 1.24 (0.38, 4.03) 0.724
30-day readmissions 8 (16.0%) 17 (10.6%) 1.61 (0.56, 4.28) 0.320 1.33(0.32,5.52) 0.691
90-day readmissions 11 (22.0%) 18 (11.2%) 2.24(0.88, 5.48) 0.062 1.59 (0.43, 5.80) 0.484
LS Cohort
LOS, d
Range (median) 4-259) 1-22 (5.5) 1.70 (1.42, 2.04) <0.001* 1.59 (1.29, 1.95) <0.001*
Mean (SD) 10.5 (5) 6.2 (3.1)
Disposition
Home 16 (36.4%) 24 (42.9%) Reference 0.837 Reference 0.761
SNF 5(11.4%) 5(8.9%) 1.22 (0.52, 2.85) 1.19 (0.26, 5.38)
Rehabilitation 22 (50.0%) 27 (48.2%) 1.50 (0.37, 6.03) 0.74 (0.26, 2.15)
Death 1(2.3%) 0 (0.0%) - -
Reoperation during first admission 3 (6.8%) 3(5.4%) 1.29 (0.51, 13.11) >0.99 1.95 (0.34, 11.20) 0.455
Reoperation during readmission 7 (15.9%) 5(8.9%) 2.10(0.38, 11.59) >0.99 1.21(0.32, 4.52) 0.781
Total reoperations 10 (22.7%) 8 (14.3%) 1.76 (1.19, 8.41) 0.304 1.42 (0.45, 4.49) 0.549
30-day readmissions 7 (15.9%) 8 (14.3%) 1.14 (0.56, 4.28) >0.99 0.65 (0.17,2.59) 0.545
90-day readmissions 10 (22.7%) 8 (14.3%) 1.76 (0.88, 5.48) 0.304 1.02 (0.28, 3.70) 0.978

Abbreviations: IPW, inverse probability weighting; LOS, length of stay; LS, long segment; SNF, skilled nursing facility; ST, staged.

Note: Length of stay was significantly different between the ST and same-day groups for both the whole cohort and the LS cohort (P < 0.001). Total 30-day readmission rate was not
different between groups. Reoperations were significantly higher in ST group (P = 0.011), though this difference was not seen using IPW or in the LS cohort.

*Signifies P < 0.05
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Figure 4. Hospital costs. Within the whole cohort, the mean cost for same-day (SD) patients was $71,193 compared with $145,907 for staged (ST) patients. For
the unadjusted analysis, the average cost was 1.9 times greater in the ST group vs SD group (95% CI 1.6008, 2.2698, P < 0.0001). On IPW, the average cost was
1.6 times greater in the ST group (95% CI 1.0733, 2.2887, P = 0.0203). The mean cost for SD patients with more than 4 levels fused was $93,267.67 compared
with $153,481.20 for staged patients. The average cost for the ST group was 1.5 times greater than in the SD group (95% CI 1.2169, 1.8182, P = 0.0002). This
significance was again seen using IPW with the average cost being 1.5 times greater in the ST group (95% CI 1.1730, 1.8728, P = 0.0013). Abbreviations: IPW,
inverse probability weighting; LS, long segment.
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be attributed to the planned staging of the circumferen-
tial spinal fusion, it may be attributed to the increased
in PE rates in these patients, particularly in those under-
going more than 4 levels of fusion.

Previous reports comparing the 2 strategies often
showed worsened morbidity profiles with staging of
circumferential corrective surgeries for ASD. One
recent retrospective study found postoperative pulmo-
nary complications in 11.7% of adult scoliosis patients
with risk factors including a preoperative Cobb angle
of >75°* A circumferential approach to the spine has
been reported to have a higher rate of PE (OR = 1.94)
in recent reports.”*** Our findings further suggest that
staging posed an increased risk of PE, led to higher
LOS, and ultimately may have increased hospital costs
even when accounting for the number of levels fused.

There are several limitations to our study. Given the
retrospective, nonrandomized data collection method
and analysis, the level of evidence provided from our
results is subject to potential confounding and could
also lead to selection bias. The decision to undergo
ST or SD procedures was made at the discretion of the
surgeon. Unfortunately, there was absence of a system
to document the reason ASD cases were ST or per-
formed on the SD in each individual case. However,
IPW was chosen to mitigate the differences between the
groups and create a pseudoexperiment. Additionally, a
subgroup analysis was performed of patients undergo-
ing more extensive surgery with a cutoff of more than
4 posterior levels fused. The study also lacks several
patient-reported outcomes measures to add further
insight into the differences between both surgical strat-
egies. Finally, despite it being one of the largest studies
available, the sample size of this study remains relatively
low, particularly in those patients undergoing more than
4 levels of fusion. Since many outcomes of interest had
relatively low incidence rates, the analysis had limited
power, particularly after IPW, and multiple variables
showed trending differences but did not reach statistical
significance. Therefore, future multi-institutional, pro-
spective randomized controlled trials utilizing greater
sample sizes are needed to confirm these findings, make
the results more generalizable, elucidate and control for
the surgeon’s rationale for selecting ST or SD, and to
study the risks of PE in the ST group more closely with
documentation of ambulatory schedules, chemical pro-
phylaxis, and sequential compression device usage.

CONCLUSIONS

In this study, staging of circumferential ASD correc-
tive surgeries differed from SD surgeries with the rate

of PE being significantly higher in patients undergoing
ST procedures. This finding was significant regardless
of the number of levels fused. Additionally, ST proce-
dures were associated with significantly greater LOS
and higher total admission costs.
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