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ABSTRACT

Background: 1In the context of increased attention afforded to hospital efficiency and improved but safe patient
throughput, decreasing unnecessary hospital length of stay (LOS) is imperative. Given that lumbar spine pro-
cedures may be among a hospital’s most profitable services, identifying patients at risk of increased healthcare
resource utilization prior to surgery is a valuable opportunity to develop targeted pre- and peri-operative inter-
vention and quality improvement initiatives. The purpose of the present investigation was to examine patient
factors that predict prolonged LOS as well as discharge disposition following elective, posterior, lumbar spine
surgery.

Methods: We employed a retrospective cohort analysis on 779 consecutive patients treated with lumbar surgery
without fusion. Our primary outcome measures were extended LOS (three or more midnights) and discharge
disposition. Patient sociodemographic, procedural, and discharge characteristics were adjusted for in our analysis.
Sociodemographic variables included Area of Deprivation Index (ADI), a comprehensive metric of socioeconomic
status, utilizing income, education, employment, and housing quality based on patient zip code. Multivariable
logistic regression and ordinal logistic regression analyses were performed to assess whether covariates were
independently predictive of extended LOS and discharge disposition, respectively.

Results: 779 patients were studied, with a median age of 66 years (+15) and a median LOS of 1 midnight (range,
1-10 midnights). Patients in the most disadvantaged ADI quintile (adjusted odds ratio, aOR 2.48 95% CI 1.15-
5.47), those who underwent a minimally-invasive or tubular retractor surgery (aOR 3.03 95% CI 1.02-8.56),
those who had an intra-operative drain placed (aOR 4.46 95% CI 2.53-7.26), who had a cerebrospinal fluid leak
(aOR 3.46 95% CI 1.55-7.58), who were discharged anywhere but home (aOR 17.11 95% CI 9.24-33.00), and
those who were evaluated by physical therapy (aOR 7.23 95% CI 2.13-45.30) or OT (aOR 2.20 95% CI 1.13-
4.22) had a significantly increased chance of an extended LOS. Preoperative opioid use was not associated with
an increased LOS following surgery (aOR 1.12 95% CI 0.56-1.46). Extended LOS was not associated with post-
discharge emergency department representation or unplanned readmission within 90 days following discharge
(p=0.148). Patients who were older (aOR 1.99 95% CI 1.62-2.48), in higher quintiles on ADI (3rd quintile; aOR
1.90 95% CI 1.12-3.23, 4th quintile; aOR 1.79, 95% CI 1.05-3.05, 5th quintile; aOR 2.16 95% CI 1.26-3.75),
who had a CSF leak (aOR 2.18 95% CI 1.22-3.86), or who had a longer procedure duration (aOR 1.38 95% CI
1.17-1.62) were more likely to require additional services or be sent to a subacute facility upon discharge.

Author disclosures: MJH: Nothing to disclose. RAS: Nothing to disclose. JF: Nothing to disclose. HA: Nothing to disclose. PZS: Nothing to disclose. JFA: Nothing
to disclose. JQC: Nothing to disclose. TN: Nothing to disclose. JSF: Nothing to disclose. AAO: Nothing to disclose. PS: Nothing to disclose. AET: Nothing to disclose.
ZLG: Nothing to disclose. SAT: Nothing to disclose. RJW: Nothing to disclose.

* Corresponding author at: Department of Neurosurgery, Warren Alpert School of Medicine, Brown University, Rhode Island Hospital, 593 Eddy St, APC 6,

Providence, RI 02903, United States.

E-mail address: rahul.sastry@gmail.com (R.A. Sastry).

https://doi.org/10.1016/j.xnsj.2022.100187

Received 20 May 2022; Received in revised form 21 November 2022; Accepted 21 November 2022

Available online 26 November 2022

2666-5484,/© 2022 Published by Elsevier Ltd on behalf of North American Spine Society. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)


https://doi.org/10.1016/j.xnsj.2022.100187
http://www.ScienceDirect.com
http://www.elsevier.com/locate/xnsj
http://crossmark.crossref.org/dialog/?doi=10.1016/j.xnsj.2022.100187&domain=pdf
mailto:rahul.sastry@gmail.com
https://doi.org/10.1016/j.xnsj.2022.100187
http://creativecommons.org/licenses/by-nc-nd/4.0/

M.J. Hagan, R.A. Sastry, J. Feler et al.

North American Spine Society Journal (NASSJ) 12 (2022) 100187

Conclusions: Patient sociodemographics, along with procedural factors, and discharge disposition were all associ-
ated with an increased likelihood of prolonged LOS and resource intensive discharges following elective lumbar
spine surgery. Several of these factors could be reliably identified pre-operatively and may be amenable to tar-
geted preoperative intervention. Improving discharge disposition planning in the peri-operative period may allow
for more efficient use of hospitalization and inpatient and post-acute resources.

Introduction’

As pay-for-performance and bundled care reimbursement structures
become more prevalent, health systems face increasing financial pres-
sure to deliver high quality care more efficiently and cost effectively
[1,2]. Extended length of stay (LOS) and non-home discharges are asso-
ciated with significant healthcare costs [3,4]. However, a small percent-
age of patients contribute to the majority of these costs—roughly 10%
of patients contribute to 63% of all US healthcare expenditures [5,6].
Given that lumbar spine surgeries may be among a hospital’s most prof-
itable services [7] and that the volume of spine surgery performed is
increasingly annually [8], identifying patients at risk of extended LOS
and discharge to non-home destinations prior to surgery is a valuable
opportunity to develop targeted pre- and peri-operative intervention, to
improve quality and outcomes, and to decrease needless expense.

Prior research has identified patient age, baseline functional status,
governmental forms of insurance, procedure duration, and surgical com-
plications as risk factors for prolonged LOS and resource intensive dis-
charges [4,9-16]. However, these studies were largely performed on na-
tional databases which only provide coarse estimates of socioeconomic
status (SES) through variables such as age, gender, race, and insurance
status [9,12-14,17-20]. These measures may not adequately encapsulate
a patient’s true SES, which is affected by local, neighborhood-level fac-
tors [21]. One metric of area-level social determinants of health is Area
of Deprivation index (ADI), a composite measure of income, education,
employment, and housing quality [22-24]. Patients with an extended
LOS and non-home discharges disproportionately contribute to costs of
care [3,4,25], and thus recognizing these patients is critical.

It remains unclear how area-level metrics of deprivation, such as
ADI, may affect outcomes and resource utilization following spine
surgery. In patients undergoing and elective, posterior non-fusion lum-
bar surgery, we examined potential interactions between socioeconomic
status, length of stay, complications, disposition at discharge, and un-
planned re-engagement with the acute care setting within 90 days of
surgery.

Material and methods
Study population

A single-center, retrospective, cohort analysis using electronic med-
ical record (EMR) data from patients receiving lumbar surgery be-
tween April 1, 2015, and December 1, 2021, was performed. Us-
ing Current Procedural Terminology (CPT) codes, patients, 18 years
and older, who underwent an elective posterior, non-endoscopic, lum-
bar laminectomy, discectomy, microdiscectomy, foraminotomy, and/or
facetectomy, without fusion, were identified. This study was approved
by the local Institutional Review Board (IRB, [BLINDED FOR REVIEW]).
Patient consent was waived in accordance with adjudicating IRB policy.

1 LOS, length of stay; SES, socioeconomic status; ADI, area of deprivation
index; EMR, electronic medical record; CPT, current procedural terminology;
IRB, institutional review board; ICU, intensive care unit; MIS, minimally inva-
sive surgery; CSF, cerebrospinal fluid; PT, physical therapy; OT, occupational
therapy; VIF, variance inflation factor; ED, emergency department; SNF, skilled
nursing facility; aOR, adjusted odds ratio; ROC, receiver operating characteris-
tic; ERAS, enhanced recovery after surgery

Exclusion criteria

Patients with significant functional neurological disability that re-
quired pre-operative hospitalization were excluded as were patients ad-
mitted to the intensive care unit (ICU) at any point during their hospital-
ization so as to capture an elective cohort of patients. Patients admitted
for emergency surgery (i.e. cauda equina syndrome) were excluded as
were those who underwent multi-stage surgical interventions.

Covariates

We included sociodemographic, procedural, and hospitalization
characteristics for our cohort and adjusted for them in our statistical
analyses. Sociodemographic features included age and ADI, a compre-
hensive metric of socioeconomic status based on the patient’s nine-digit
zip code. Patient’s nine-digit zip code is calculated from the street ad-
dress present in their EMR. Patient’s nine-digit zip code is then converted
to an ADI using a publicly available database [26]. ADIs account for pa-
tient education, housing quality, income, and employment. The metric
is a national percentile ranking; a score of 100 is most disadvantaged
and a score of 1 is least disadvantaged. ADI was divided into quintiles
as previously described in the literature [27-29].

Procedural covariates included surgeon experience, procedure day
of the week, procedure duration, procedure start time, preprocedural
opioid use, redo operation at the same site of a prior surgery, utilization
of a tubular retractor system or minimally invasive surgery (MIS), drain
placement, and intraoperative cerebrospinal fluid (CSF) leak. Hospital
admission characteristics included discharge disposition and whether
the patient was evaluated by physical therapy (PT) or occupational ther-
apy (OT) specialists post-operatively.

Primary and secondary outcomes variables
The primary outcome measure was extended LOS following surgery,
defined as the 90th percentile or greater in the number of midnights

admitted post-procedurally (three or more, Figure 1) [5,30-32]. Our
secondary outcome variables were 90-day readmission or emergency
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Figure 1. Entire patient population (N=779) and their length of stays following
elective lumbar surgery.
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department representation risk related to surgery, and discharge dispo-
sition.

Statistical analysis

Univariate analyses assessed unadjusted demographic, procedural,
and discharge characteristics between patient cohorts. Generalized lin-
ear modeling through a multivariate logistic regression analysis then
assessed factors independently predictive of a prolonged LOS. Post-hoc
variance inflation factor (VIF) was calculated. All VIFs were less than
5. As a result, all variables were included in multiple logistic regression
analysis evaluating whether our covariates independently predicted ex-
tended LOS. Pearson’s chi-squared test assessed whether those who had
an extended LOS were at increased risk of readmission or emergency
department (ED) re-presentation within 90 days of hospital discharge.

Ordinal logistic regression was used to elucidate factors associated
with discharge disposition. For this analysis, discharge to home served as
a reference category versus either with discharge to home with services
or to a skilled nursing facility (SNF) or acute rehabilitation, creating a
scale of increasing dependence on medical assistance upon discharge.
Less than 5% of data was missing from our patient cohort, thus statisti-
cal analyses were performed on a complete case basis. Odds ratios (OR)
are reported as adjusted OR (aOR). Continuous variables were normal-
ized for regression analyses. A p-value of <0.05 was considered statis-
tically significant. Stata statistical software version 17 (StataCorp LP,
College Station, Texas) and R version 4.1.1 (R Foundation for Statistical
Computing, Vienna, Austria) were used for data management, statistical
analysis, and figure generation.

Results
Patient cohort and descriptive statistics

779 consecutive patients met inclusion criteria for the study
(Table 1). The cohort had a median age of 68 years (IQR: 57, 77)
with 650 (83.4%) identifying as white, 41 (5.3%) identifying as African-
American, 65 (8.3%) as Hispanic, and 23 (3.0%) as another race. One-
hundred and eighteen (15.1%) identified their primary language spo-
ken as one other than English. Insurance statuses of the cohort included
402 (51.6%) with private insurance, 275 (35.3%) with Medicare, 77
(9.9%) with Medicaid, and 25 (3.2%) with another form of insurance.
ADI was not normally distributed on a Shapiro-Wilk Test (p<0.001) with
a rightward skew (towards less disadvantaged indices). One hundred

Table 1
Summary statistics of patient cohort (N=779).

Age, median (IQR) 68 (57, 77)
Race
White 650 (83.4%)
African-American 41 (5.3%)
Hispanic 65 (8.3%)
Other 23 (3.0%)

English as primary language 661 (96.4%)

Insurance status

Private 402 (51.6%)
Medicare 275 (35.3%)
Medicaid 77 (9.9%)
Other 25 (3.2%)
Area of Deprivation Index, median (IQR) 34 (23, 49)

Surgeon experience

> 5 years 595 (76.4%)

2 -5 years 114 (14.6%)

< 1 year 70 (9.0%)
Case duration in minutes, median (IQR) 94 (72, 131)
90-day emergency department visit (%) 66 (8.5%)
90-day readmission, frequency (%) 57 (7.3%)

IQR, interquartile range
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and sixteen (14.9%) patients underwent reoperation after prior decom-
pression at the same site, 42 (5.4%) underwent surgery with a tubular
retractor system, 276 (35.4%) had a drain placed, 58 (7.5%) had an
intraoperative a CSF leak, and 281 (36.1%) took an opioid medication
pre-procedurally. The median case duration in minutes was 94 (IQR:
72, 131). Six-hundred and thirty-one (81.0%) patients were evaluated
by PT and 82 (10.5%) were evaluated by OT.

At discharge, 523 (67%) patients went home without services, 166
(21%) went home with services, and 88 (11%) went to a SNF or a reha-
bilitation facility (Supplemental Figure 1). Two (0.3%) patients were
discharged to law enforcement. The most common reason for an ED
visit or readmission following discharge was back pain or concern for
a neurological deficit (n=46) followed by a wound issue (n=21). Fifty-
six patients represented to the ED or were readmitted for a reason that
was not back pain or concern for a neurological deficit or a wound issue
(Figure 2).

Extended LOS regression

Results from multivariable logistic regression (Table 2) demon-
strated that patients in the most disadvantaged quintile on ADI (aOR
2.48; 95% CI 1.15-5.47; p=0.022), who underwent minimally invasive
surgery (aOR 3.03; 95% CI 1.02-8.56; p=0.039), who had an intra-
operative drain placed (aOR 4.46; 95% CI 2.53-7.26; p<0.001), who
had a CSF leak (aOR 3.46; 95% CI 1.55-7.58; p=0.002), who were dis-
charged anywhere but home (aOR 17.1; 95% CI 9.24-33.0; p<0.001),
and who were evaluated by PT (aOR 7.23; 95% CI 2.13-45.3; p=0.008)
or OT (aOR 2.20; 95% CI 1.13-4.22; p=0.018) had a significantly in-
creased chance of an extended LOS. Patient LOS was not associated with
surgeon years of experience.

Preoperative opioid use was not associated with an increased risk of a
prolonged length of stay following lumbar decompression surgery (aOR
1.12; 95% CI 0.56-1.46; p=0.655). There was no association identified
between patients who had a prolonged LOS and 90-day readmission
and ED representation (p=0.148, Table 3, Figure 3). The area under the
receiver operating characteristic (ROC) curve for multivariate regression
of extended LOS was 0.8709 (Supplemental Figure 2).

Table 2
Multivariable logistic regression for prolonged length of stay following elec-
tive lumbar surgery.

Odds Ratio  95% CI p-value

Age 1.13 0.85-1.51 0.396
Area of Deprivation Index (quintile)

1 Reference - -

2nd 1.78 0.87 - 3.72 0.118

31 1.23 0.57 - 2.69 0.597

4th 1.87 0.88 - 4.00 0.104

5t 2.48 1.15 - 5.47 0.022
Surgeon years experience

> 5 years Reference - -

2-5 years 0.89 0.44 - 1.73 0.738

< 1 year 0.45 0.15-1.25 0.143
Start time 1.03 0.81-1.31 0.806
Thursday-Sunday Surgery 1.51 0.95 - 2.43 0.084
Redo at same surgical site 0.77 0.38-1.48 0.452
Tubular retractors used 3.03 1.02 - 8.56 0.039
Drain placed 4.46 2.53-7.26 <0.001
CSF leak 3.46 1.55-7.58 0.002
Opiate Naive 1.12 0.56 - 1.46 0.655
Procedure duration 1.10 0.88 -1.37 0.388
Discharge not to home 17.11 9.24 - 33.00 <0.001
Seen by PT 7.23 2.13-45.30  0.008
Seen by OT 2.20 1.13-4.22 0.018

CSF, Cerebrospinal fluid; PT, Physical therapy; OT, Occupational therapy.
p-Values in bold indicate significance at p<0.05.
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Reason for readmission or ED Figure 2. Ninety-day readmission or emergency department (ED) rep-
tati resentation risk by reason. The most common reason for an ED visit
represen ation or readmission following discharge was back pain or concern for a
e neurological deficit (n=46) followed by a wound issue (n=21). The
remaining patients (n=56) came to the ED or were readmitted for an-
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Table 3 Table 4
Patients who experienced an extended length of stay and 90-day emergency Ordinal logistic regression for discharge disposition with discharge to home
department representation or readmission risk. without services as a reference group.
No ED Visit or ED Visit or Total Odds Ratio p-value 95% CI
Readmission Readmission
o s Age 1.99 <0.001 1.62-2.48
within 90-days within 90-days Area of Deprivation Index (quintile)
No extended LOS (n, %) 538 (82%) 95 (77%) 633 (81%) 1 Reference - -
Extended LOS (n, %) 117 (18%) 29 (23%) 146 (19%) 2nd 1.17 0.559 0.69 -1.99
Total (n, %) 655 (100%) 124 (100%) 779 3rd 1.90 0.017 1.12-3.21
4th 1.79 0.032 1.05 - 3.05
ED, emergency department; LOS, length of stay. 5th 2.16 0.006 1.26 - 3.75
Surgeon years experience
> 5 years Reference - -
Discharge disposition regression 2-5 years 0.76 0.275 0.46 - 1.24
< 1 year 1.79 0.081 0.93 - 3.46
Start time 1.06 0.498 0.89 -1.26
Ordinal logistic regression results (Table 4) demonstrated that older Thursday-Sunday Surgery 1.20 0.285 0.86 - 1.70
patient age was significantly associated with a discharge disposition Redo at same surgical site 0.96 0.855 0.60 - 1.50
with greater medical support (aOR 1.99; 95% CI 1.62-2.48; p<0.001, E“b}ﬂarlre'{iacmrs used 1'3‘9‘ gggi 8'32 - fég
. . . o rain place K X .76 - 1.
Supplemen?al Flgl{l‘e ?). Increasing dlsadva.lr.ltag.e on ADI was signifi- CSF leak 218 0.008 199 .3.86
cantly associated with increased resource utilization following surgery Opiate Naive 0.87 0.432 0.62-1.23
(3" quintile: aOR 1.90; 95% CI 1.12-3.23; p=0.017, 4 quintile: aOR Procedure duration 1.38 <0.001  1.17-1.62
1.79; 95% CI 1.05-3.05; p=0.032, 5% quintile: aOR 2.16: 95% CI 1.26- Seen by PT 19.56 <0.001  7.13-80.83
3.75; p=0.005). Presence of a CSF leak (aOR 2.18; 95% CI 1.22-3.86; Seen by OT 3.58 <0.001  217-5.92
p=0.008) and longer procedure duration (aOR 1.38; 95% CI 1.17-1.62; CSF, Cerebrospinal fluid; PT, Physical therapy; OT, Occupational therapy.
p<0.001) were also significantly associated with increasing reliance on p-Values in bold indicate significance at p<0.05.
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Table 5
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Patient discharge disposition and 90-day emergency department representation or readmission risk.

No ED Visit or Readmission
within 90-days

ED Visit or Readmission
within 90-days

% of patients by group with Total
ED Visit or Readmission

Home without services (n, %)
Home with services (n, %)
SNF or acute rehab (n, %)
Total (n, %)

457 (70%)
131 (20%)
67 (10%)
655 (100%)

122 (100%)

66 (54%); 12.6 523 (67%)

35 (29%) 26.1 166 (21%)

21 (17%) 23.9 88 (11%)
N=777

ED, emergency department; SNF, skilled nursing facility.

support services following discharge (Supplemental Figures 4, 5, 6).
Two patients discharged to law enforcement were excluded from this
analysis. Patients discharged to home were more likely than patients
discharged to SNF or acute rehab to represent to the ED or be read-
mitted within 90-days following discharge after elective lumbar spine
surgery (p=0.003, Table 5). Seven-hundred and seventy-seven patients
were included in this analysis as two patients were discharged to law
enforcement and were excluded.

Discussion

Since spine surgery is one of the 17 reimbursement categories
that account for half of Medicare spending [33], identifying popula-
tions requiring pre- and peri-operative intervention to prevent need-
less resource expenditure is critical. We sought to understand how
neighborhood-level metrics of SES influence resource utilization in the
post-operative period. We examined patients who underwent elective
lumbar decompression at a large academic hospital. Individuals in the
most disadvantaged groups were more likely to have a prolonged LOS or
discharge home requiring assistance or discharge anywhere but home,
after controlling for other sociodemographic, procedural, and hospital
admission characteristics. These findings highlight the need to evaluate
healthcare utilization and patient care in the context of neighborhood-
level factors of the social determinants of health. Furthermore, quality
improvement initiatives aimed at identifying patients at risk for dispro-
portionate healthcare utilization in the post-operative period may also
consider employing ADI or other more comprehensive metrics of SES.

Prior research has found that the area-level measure of disadvan-
tage, ADI, is associated with disparities in hospital readmission risk
[23,24], diabetes care [29], cancer screening [28], and drug related
mortality [34]. We find that ADI may also be an important metric in
understanding healthcare utilization following elective, posterior, lum-
bar spine surgery. Interestingly, those in the most disadvantaged ADI
quintile were at heightened risk of an extended LOS. Also, patients in
the three most disadvantaged quintiles were at risk of discharge to home
with home services or to a SNF or a rehabilitation facility. These patients
may benefit from targeted quality improvement protocols, such as En-
hanced Recovery After Surgery (ERAS), prehab, or patient navigators,
all of which may reduce inpatient LOS following spine surgery [35-37].
ERAS programs have been found to reduce LOS, accelerate the return of
function, decrease costs, and improve post-operative pain [38]. Debono
et al. (2019) [35] found that ERAS reduced LOS for anterior lumbar
interbody fusion (6.06 + 1.1 to 3.33 + 0.8 days), anterior cervical dis-
cectomy and fusion (3.08 + 0.9 to 1.3 + 0.7), and posterior spinal fusion
patients (6.7 + 4.8 to 4.8 + 2.3). This decrease in LOS did not lead to an
increase in overall complications. Furthermore, the researchers found
that in patients who underwent posterior fusion, those who received
ERAS had lower rates of overall complications (p=0.02) as well as revi-
sion surgeries (p=0.03).

In addition, patient navigators have previously been shown to re-
duce LOS following elective surgery [39,40]. Patient navigators may
also reduce the risk of hospital readmission in high-risk patients [41]. It
follows that setting patients up with ERAS and patient navigators peri-
operatively may reduce healthcare resource utilization. Patients may
meet with a patient navigator during their pre-operative office visit.

The navigator can understand how the patient’s unique social pressures
may act to prolong their LOS post-operatively and work to address them
before their procedure. For example, if appropriate, the navigator may
help the patient get pre-authorization if they are expected to require
a SNF following discharge. This may help expedite their discharge and
avoid the patient waiting in a hospital bed to get insurance authorization
before they can be discharged. Future work should study whether there
is a benefit of targeted interventions like ERAS and patient navigators
in the most socially disadvantaged individuals.

Our work reinforces research performed by Salas-Vega et al. (2021)
[42], who investigated extended LOS following lumbar laminectomy.
Salas-Vega and colleagues found that patients with surgical complica-
tions, non-home discharge destinations, and surgery performed later in
the week were more likely to have an extended LOS. Our results are
similar; as expected, discharge disposition anywhere but home or with
services, and surgical complications are associated with a longer LOS.
However, we did not find that surgery performed later in the week was
associated with prolonged LOS. In addition, the Salas-Vega et al. did not
find that SES, using age, gender, race, and insurance status as covariates,
predicted LOS although the researchers did not investigate ADI, specif-
ically. Similarly, pre-operative opioid use did not predict an extended
LOS or discharge to higher levels of care; results in the literature remain
divided over whether preoperative opioid use increases the chance of an
extended LOS following surgery [43,44].

As bundled payment structures become more prevalent, hospitals are
incentivized to pre-emptively recognize patients at risk of extended LOS
[1,2]. An extended LOS may result from the setup of home services or
placement in a SNF or acute rehab facility [45,46]. This delay in dis-
charge, after the patient is medically safe to leave the hospital, is an
unnecessary driver of costs[47] and subjects the patient to risk of noso-
comial conditions [48]. Identification of patients with a high propensity
of requiring SNF or acute rehabilitation may engender anticipatory in-
surance prior authorization for a nonroutine discharge, which may lead
to a decreased LOS, lower risk for nocosomial infection, cost savings,
and improved patient experience.

Prior literature has identified age, functional status, and comor-
bidities as risk factor for nonroutine discharge following spine surgery
[12,14]. Using the American College of Surgeons National Surgical
Quality Improvement Program, Karhade et al. (2018)[49] identified age,
gender, body mass index, surgery level, presence of fusion, functional
status, comorbidities, and preoperative hematocrit level as predictors
of nonroutine discharge following elective lumbar surgery. However,
the only social determinants of health the researchers included in their
model were age and gender. While they reported four models with suc-
cessful prediction of nonroutine discharge, our current findings suggest
neighborhood-level metrics of SES should be incorporated into machine
learning algorithms.

The Affordable Care Act expanded the use of value-based or pay-
for-performance approaches to health system reimbursement. One ex-
ample is Medicare’s Hospital Readmissions Reduction Program which
penalizes hospitals for avoidable readmissions [50]. As of 2013 the
Center for Medicare and Medicaid Services financially reprimands hos-
pitals and providers with disproportionate readmission rates [51,52].
Thus, understanding drivers of readmission rates is imperative. The cur-
rent literature suggests that poor functional status at baseline, impaired
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self-management skills, and living alone are associated with increased
readmission risk [52,53]. While not the principal investigation of the
present analyses, we found that patients discharged to healthcare facil-
ities were less likely to be readmitted or re-present to the hospital fol-
lowing elective lumbar spine surgery. Prior research has reported sim-
ilar observations following spine surgery, [54] although other studies
have reported no association between discharge disposition and hospi-
tal readmission risk [52,55].

Given the high costs of SNF and acute rehabilitation facilities, [4,56]
coupled with the increase in spine surgery incidence, [8] understand-
ing the cost-benefit analysis of utilizing medical facilities following dis-
charge is particularly salient as healthcare expenditure continues to rise
[57]. A 2014 Cochrane systematic review concluded that more evidence
in the form of randomized control trials to assess the utility of rehabil-
itation following lumbar disc herniation is needed [58]. Other studies
suggest that the costs of these interventions may outweigh the benefits
on patient clinical outcomes [59].

This study has limitations. Our sample size may not be large enough
to identify all potential outcomes. Future multicenter, prospective stud-
ies with larger patient cohorts should aim to identify area-level socioeco-
nomic forces and determine their influence on disproportionate health-
care utilization via extended LOS and discharge to non-home destina-
tions. Furthermore, our data analysis was performed on a complete case
basis. This was done as <5% of our data was missing [60]. In addition,
no power analysis was performed in the present study. We instead chose
to include all patients that had undergone elective posterior non-fusion
lumbar spine surgery in the electronic medical record era at our insti-
tution (beginning in 2015). In the present study, we cannot prove the
causality of any of the relationships, and instead, our analysis serves to
inform future studies and hypothesis formation. For example, while pa-
tients that were seen by PT/OT were more likely to stay in the hospital
longer, this is not necessarily because they were seen by these special-
ties. Future work may study if waiting on PT/OT clearance may delay
Our data lack specifics of the type of SNF or acute rehabilitation to which
patients were discharged and individuals may have received differential
care, which might account for our finding that those discharged to SNF,
or a rehabilitation facility were less likely to be readmitted or re-present
to the hospital following elective lumbar spine surgery. While we can-
not prove causality in the present analyses, we present one of the first
analyses of LOS, discharge destination, and post-discharge unplanned
encounters with acute care into how neighborhood-level metrics may
influence following elective spine surgery and the potential importance
of examining SES factors pre-operatively.

Conclusion

Patient sociodemographics, along with procedural factors, and dis-
charge destination were associated with an increased chance of an ex-
tended LOS and disproportionate healthcare utilization in individuals
having an elective, posterior lumbar spine surgery. Our analysis suggests
that ADI, a neighborhood level metric of SES, may predict resource uti-
lization in elective lumbar spine surgery. Several of these SES identified
factors can be reliably identified pre-operatively and may be amenable
to targeted preoperative intervention.
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