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OBJECTIVE  Prolonged hospital length of stay (LOS) is an increasingly important quality metric among regulators and 
payers that has been associated with worse patient outcomes and decreased patient satisfaction. The aim of this study 
was to identify predictors of prolonged hospital LOS after surgery for Meyerding grade 2 spondylolisthesis using a multi-
center prospectively collected registry.
METHODS  The prospectively collected Spine CORe™ Quality Outcomes Database (QOD) study group cohort, which 
consisted of 328 patients from 14 sites, was used to identify all patients who underwent single-stage lumbar fusion for 
Meyerding grade 2 lumbar spondylolisthesis. Prolonged LOS was defined as ≥ 4 days (75th percentile). An array of dem-
ographic, comorbidity, and perioperative factors known to impact LOS were collected for each patient. Bivariate tests, in-
cluding the chi-square goodness of fit and independent t-test, were used to identify variables associated with prolonged 
LOS. Multivariable logistic regression analysis was conducted to determine independent predictors of prolonged LOS.
RESULTS  The QOD cohort comprised 328 patients with a follow-up rate of > 80%. After excluding patients with an 
anterior or lateral surgical approach and missing LOS data, the final cohort included 268 patients, of whom 52 (19.4%) 
experienced a prolonged LOS. In the univariate analysis, older age, dependent ambulation, insurance status, depres-
sion, greater estimated blood loss, longer operative duration, multilevel fusion (2 or more levels), perioperative compli-
cations (e.g., incidental durotomy and urinary tract infection), and nonhome discharge were associated with prolonged 
LOS. In the adjusted model, multilevel arthrodesis independently increased the odds of prolonged LOS (OR 2.11, 95% 
CI 1.07–4.18; p = 0.03), whereas private insurance (vs Medicare/Medicaid/government) was associated with lower odds 
(OR 0.42, 95% CI 0.20–0.87; p = 0.02). Patient-reported outcomes at 60 months did not differ between the groups with 
and without prolonged LOS.
CONCLUSIONS  In this multicenter Spine CORe™ QOD study, multilevel lumbar fusion and noncommercial insurance 
were the principal independent predictors of prolonged LOS after surgery for grade 2 spondylolisthesis. These find-
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Lumbar spondylolisthesis is a common spinal pa-
thology in approximately 6%–13.5% of the general 
population.1–3 Spondylolisthesis can cause low back 

pain, radiculopathy, difficulty standing or walking, or neu-
rological symptoms. Surgery is indicated for symptomatic 
patients for whom conservative management has failed. 
Although the optimal surgical treatment for spondylolis-
thesis is often debated, there is strong evidence showing 
significantly improved outcomes with surgical decom-
pression alone or decompression with instrumented fu-
sion.4–16

Understanding patient- and surgery-specific factors 
that contribute to extended hospital stays is essential for 
optimizing postoperative spine care. From a clinical per-
spective, patients with prolonged length of stay (LOS) are 
more susceptible to nosocomial infections, decondition-
ing, and other adverse events.17–19 Prior studies have re-
ported that advanced age, a higher American Society of 
Anesthesiologists (ASA) class, longer operative duration, 
increased operative blood loss, and postoperative mobili-
zation with physical/occupational therapy are associated 
with longer LOS after spine surgery fusions.20–25 However, 
specific predictors of postoperative LOS after surgical 
intervention for spondylolisthesis remain poorly defined. 
These insights could allow for targeted allocation of in-
patient resources early in admission for patients at higher 
risk for prolonged LOS.

Therefore, we aimed to investigate predictors of LOS 
after surgical intervention for Meyerding grade 2 spondy-
lolisthesis by using the multicenter prospectively collected 
Spine CORe™ Quality Outcomes Database (QOD). We 
hypothesized that multilevel fusion, postoperative compli-
cations, and nonhome discharge are associated with a lon-
ger hospital LOS. By identifying independent risk factors 
for prolonged LOS after surgery, patients at higher risk 
can be identified early for more efficient use of hospital 
resources, minimizing unnecessary healthcare costs and 
improving overall patient care.

Methods
Patient Selection

This study used an augmented dataset formed by 
the coordination of 14 high-enrolling sites of the Spine 
CORe™ study group of the QOD registry.26,27 Data were 
audited by a central team and individual sites. Institutional 
review board approval was obtained at the time of registry 
development, and only deidentified data were analyzed. 
The inclusion criteria of this augmented dataset (QOD 
grade 2 lumbar spondylolisthesis cohort) included patients 
≥ 18 years of age, with a surgical indication of grade 2 
spondylolisthesis confirmed by preoperative imaging by 
the Meyerding classification (grade 2), who underwent 
elective surgery using a single-staged posterior surgical 

approach between January 1, 2017, and December 31, 
2019. Patients were excluded if they had an anterior or lat-
eral surgical approach, spinal infection, tumor, fracture, 
traumatic dislocation, deformity, neurological paralysis 
due to preexisting spine disease/injury or if LOS was not 
captured. After applying the inclusion and exclusion cri-
teria to 328 patients with grade 2 spondylolisthesis, 268 
patients who were stratified by prolonged or no prolonged 
LOS were included in our analysis. The 5-year follow-up 
rate achieved for all patient-reported outcome measures 
(PROMs) was > 81%. In this cohort, prolonged LOS was 
defined as exceeding the 75th percentile of the total hospi-
tal LOS, which was determined to be ≥ 4 days.

Outcomes
Patient follow-up occurred in person, via telephone, or 

by electronic medical record for the collection of PROMs 
at the 3-, 12-, 24-, and 60-month time points. PROMs in-
cluded the numeric rating scale (NRS) for back pain and 
leg pain, Oswestry Disability Index (ODI), and EQ-5D 
quality of life survey captured at baseline and each follow-
up time point.

The North American Spine Society satisfaction ques-
tionnaire28,29 was used to measure patient satisfaction with 
outcomes after surgery. Satisfaction is measured on an 
ordinal scale from 1 to 4, with 1 (the highest level of satis-
faction) defined as “The treatment met my expectations;” 
2 defined as “I did not improve as much as I had hoped, 
but I would undergo the same treatment for the same out-
come;” 3 defined as “I did not improve as much as I had 
hoped, and I would not undergo the same treatment for the 
same outcome;” and 4 defined as “I am the same or worse 
compared with before surgery.”

Demographic, Clinical, and Surgical Variables
Patient demographics, comorbidities, clinical character-

istics, and surgical variables were captured. These included 
age, sex, BMI, race, insurance payer, employment status, 
worker’s compensation, symptom duration, predominant 
location of pain, ambulation status, smoking status, history 
of major surgery, ASA class, surgical approach, number of 
levels fused, estimated blood loss (EBL), and LOS. Medi-
cal comorbidity variables collected at baseline included 
diabetes, coronary artery disease, osteoporosis, anxiety, 
or depression. Postoperative complications and periop-
erative variables reported were deep venous thrombosis, 
pulmonary embolism, new neurological deficit, myocar-
dial infarction, urinary tract infection (UTI), surgical site 
infection, hematoma, incidental durotomy, nonroutine dis-
charge, 30-day mortality, and 90-day readmission.

Statistical Analysis
Descriptive statistics were reported as means ± SDs for 

ings are valuable for patient informed consent, as well as to identify higher-risk patients who could benefit from earlier 
inpatient resource allocation (social work and counseling) to facilitate timely discharge.
https://thejns.org/doi/abs/10.3171/2025.12.FOCUS25958
KEYWORDS  grade 2 spondylolisthesis; lumbar fusion; spine; patient-reported outcomes; length of stay; Quality 
Outcomes Database
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continuous variables and frequencies and percentages for 
categorical variables. The independent 2-sample t-test and 
Pearson’s chi-square test were used for univariate analyses 
of continuous and categorical variables, respectively. We 
performed a multivariable logistic regression analysis to 
determine independent predictors of prolonged LOS using 
the following predictors: age, insurance payer, baseline 
ambulation dependence, ASA class, levels of arthrodesis, 
and duration of surgery. Because only 1 patient was in the 
“uninsured” category, this patient was excluded from the 
multivariable analysis. Variables were selected for inclu-
sion in the multivariable analysis based on results from the 
univariate analysis (p < 0.2) and clinical relevance. Sta-
tistical analyses were performed using R (version 4.2.3, 
The R Project for Statistical Computing), with p < 0.05 
considered as statistically significant.

Results
The grade 2 spondylolisthesis QOD dataset comprised 

328 patients with a 5-year follow-up rate of > 80%. Our 
analysis included 268 patients, with 52 patients (42 fe-
male, mean age 65.0 years) who experienced a prolonged 
hospital LOS (≥ 4 days, defined as exceeding the 75th per-
centile among all patients in the cohort) and 216 patients 
(141 female, mean age 59.7 years) who did not have a pro-
longed LOS.

Baseline Characteristics and Comorbidities
A higher proportion of female patients were observed 

in the prolonged LOS group (p = 0.03) (Table 1). Addition-
ally, significant differences were found in age (p < 0.01); 
insurance coverage (p < 0.01), with a higher prevalence of 
Medicaid (7.7% vs 3.2%) and Medicare (53.8% vs 36.6%); 
the number of levels fused (p < 0.01); and the number of 
levels treated (p < 0.01) in the groups with versus with-
out prolonged LOS. No statistically significant differences 
were observed for BMI or race between the two groups. 
Depression (p = 0.02) and dependent ambulation at base-
line (p < 0.01) were more prevalent among patients with 
a prolonged LOS. There was a significantly increased 
EBL (p < 0.01) and duration of surgery (p = 0.02) in the 
prolonged LOS group. However, smoking status, diabetes 
mellitus, coronary artery disease, peripheral vascular dis-
ease, osteoarthritis, chronic kidney disease, chronic ob-
structive pulmonary disease, anxiety, and ASA class did 
not show significant differences between the two groups.

Postoperative and Patient-Reported Outcomes
There was a higher incidence of postoperative UTI 

(p < 0.01) and incidental durotomy (p < 0.01) among pa-
tients with prolonged LOS compared with those without 
prolonged LOS. There were no significant differences in 
the rates of deep vein thrombosis, myocardial infarction, 
and surgical site infection between the two groups. The 
frequency of nonhome discharge was significantly higher 
among patients with prolonged LOS (p < 0.01). However, 
30-day mortality (p = 0.76) and 90-day readmission (p = 
0.29) rates did not differ between patients with and with-
out prolonged LOS (Table 2). Moreover, PROMs (NRS for 
back pain and leg pain, ODI, EQ-5D, and Patient Satisfac-

TABLE 1. Baseline characteristics of 268 patients who underwent 
surgery for grade 2 spondylolisthesis stratified by LOS

No Prolonged 
LOS 

Prolonged 
LOS*

p 
Value

No. of patients 216 52
Mean age, yrs 59.78 (12.59) 65.05 (10.32) <0.01
Sex 0.03
  F 141 (65.3) 42 (80.8)
  M 75 (34.7) 10 (19.2)
Mean BMI 30.24 (6.81) 30.26 (8.24) 0.98
Race 0.91
  Black 18 (8.7) 5 (9.6)
  White 184 (88.5) 45 (86.5)
  Other 6 (2.9) 2 (3.8)
Insurance <0.01
  Private 124 (57.4) 16 (30.8)
  Medicaid 7 (3.2) 4 (7.7)
  Medicare 79 (36.6) 28 (53.8)
  Uninsured 0 (0.0) 1 (1.9)
  VA/government 6 (2.8) 3 (5.8)
Preop employment status 0.42
  Attending school 1 (0.5) 0 (0.0)
  Employed 90 (41.9) 17 (32.7)
  Employed, on short-term 

disability/leave
14 (6.5) 2 (3.8)

  Unemployed 110 (51.2) 33 (63.5)
Symptom duration, mos 0.67
  <3 6 (2.8) 2 (3.9)
  >3 209 (97.2) 49 (96.1)
Predominant pain location 0.37
  Back 63 (29.2) 16 (30.8)
  Back & leg 100 (46.3) 19 (36.5)
  Leg 53 (24.5) 17 (32.7)
Dependent ambulation 28 (13.0) 15 (28.8) <0.01
Smoking 27 (12.6) 6 (11.5) 0.84
Diabetes mellitus 39 (18.1) 7 (13.5) 0.43
Coronary artery disease 18 (8.3) 7 (13.5) 0.25
Peripheral vascular disease 3 (1.4) 3 (5.8) 0.06
Osteoarthritis 70 (32.4) 23 (44.2) 0.11
Chronic kidney disease 17 (7.9) 6 (11.5) 0.40
COPD 12 (5.6) 6 (11.5) 0.12
Depression 42 (19.4) 18 (34.6) 0.02
Anxiety 44 (20.4) 9 (17.3) 0.62
Anticoagulant medication 115 (54.2) 20 (39.2) 0.05
ASA class 0.06
  I or II 114 (52.8) 20 (38.5)
  III or IV 102 (47.2) 32 (61.5)
Revision op 29 (13.4) 11 (21.2) 0.16
No. of levels fused <0.01
  Mean 1.33 (0.57) 2.04 (1.47)
  Range 1.00–3.00 1.00–8.00

CONTINUED ON PAGE 4 »
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tion Index) at baseline and 3, 24, and 60 months after sur-
gery were comparable between the two groups (Table 3).

Predictors of Prolonged LOS
We conducted a multivariable logistic regression analy-

sis adjusting for age, baseline ambulation dependence, 
ASA class, levels of arthrodesis, and duration of surgery. 
Patients who had private insurance coverage (reference: 
Medicaid/Medicare/government) had lower odds of pro-

longed LOS (adjusted OR 0.42, 95% CI 0.20–0.87; p = 
0.02), and patients with multilevel arthrodesis (reference: 
single-level) had higher odds of prolonged LOS (adjusted 
OR 2.11, 95% CI 1.07–4.18; p = 0.03) (Table 4 and Fig. 1).

Discussion
In this multicenter Spine CORe™ QOD cohort of 

adults who underwent surgery for Meyerding grade 2 
spondylolisthesis, we identified two independent predic-

» CONTINUED FROM PAGE 3

TABLE 1. Baseline characteristics of 268 patients who underwent 
surgery for grade 2 spondylolisthesis stratified by LOS

No Prolonged 
LOS 

Prolonged 
LOS*

p 
Value

No. of levels treated <0.01
  1 154 (71.6) 25 (48.1)
  2 50 (23.3) 13 (25.0)
  3 11 (5.1) 9 (17.3)
  ≥4 0 (0.0) 5 (9.6)
EBL <0.01
  Mean 243.05 

(261.61)
390.63 

(402.69)
  Range 0.00–1700.00 0.00–1800.00
Duration of op 0.02
  Mean 203.29 (80.51) 233.33 (101.70)
  Range 0.00–570.00 0.00–476.00

COPD = chronic obstructive pulmonary disease; VA = Veterans Affairs.
Values are presented as the number of patients (%) or mean (SD), except 
where indicated otherwise. Boldface type indicates statistical significance. In 
the group with no prolonged LOS, missing data included race (n = 8), employ-
ment status (n = 1), symptom duration (n = 1), the number of levels treated (n 
= 1), and smoking status (n = 1). In the group with prolonged LOS, there were 
missing data for symptom duration (n = 1).
* Prolonged LOS was defined as ≥ 4 days (75th percentile).

TABLE 2. Postoperative complications in patients who underwent 
surgery for grade 2 spondylolisthesis stratified by LOS

No Prolonged 
LOS, n (%)

Prolonged 
LOS, n (%)

p  
Value

Deep vein thrombosis 1/172 (0.6) 0 (0.0) NA
Pulmonary embolism 0 (0.0) 1/40 (2.5) NA
New neurological deficit 0 (0.0) 1/41 (2.4) NA
Myocardial infarction 1/172 (0.6) 0 (0.0) NA
UTI 1/172 (0.6) 3/41 (7.3) <0.01
Surgical site infection 3/172 (1.7) 0 (0.0) NA
Hematoma 0 (0.0) 1 (2.2) NA
Incidental durotomy 3/196 (1.5) 5/46 (10.9) 0.001
Nonhome discharge 19/216 (8.8) 19/52 (36.5) <0.001
30-day mortality 3/196 (1.5) 1/46 (2.2) 0.76
90-day readmission 9/194 (4.6) 4/47 (8.5) 0.29

NA = not applicable.
Boldface type indicates statistical significance.

TABLE 3. Baseline and 5-year PROMs in patients who underwent 
surgery for grade 2 spondylolisthesis stratified by LOS

No Prolonged 
LOS

Prolonged 
LOS

p  
Value

NRS score for back pain
  Baseline 6.87 (2.45) 7.17 (2.27) 0.41
  3 mos 2.92 (2.62) 2.42 (2.46) 0.25
  24 mos 3.14 (3.02) 2.86 (2.45) 0.57
  60 mos 3.04 (2.97) 3.92 (3.12) 0.11
NRS score for leg pain
  Baseline 6.95 (2.62) 6.33 (3.01) 0.14
  3 mos 2.26 (2.90) 1.95 (2.72) 0.53
  24 mos 2.59 (3.07) 2.24 (3.01) 0.50
  60 mos 2.90 (3.12) 2.40 (2.76) 0.38
ODI score
  Baseline 46.89 (17.46) 49.65 (14.05) 0.29
  3 mos 26.90 (20.44) 23.03 (16.38) 0.26
  24 mos 22.42 (21.63) 20.96 (19.68) 0.69
  60 mos 24.06 (21.00) 25.33 (20.68) 0.75
EQ-5D score
  Baseline 0.53 (0.21) 0.49 (0.21) 0.27
  3 mos 0.75 (0.21) 0.80 (0.18) 0.15
  24 mos 0.76 (0.22) 0.79 (0.16) 0.44
  60 mos 0.76 (0.23) 0.81 (0.20) 0.27
Patient Satisfaction Index
  3 mos 1.40 (0.72) 1.31 (0.69) 0.48
  24 mos 1.44 (0.88) 1.40 (0.71) 0.77
  60 mos 1.50 (0.97) 1.59 (0.96) 0.62

Values are presented as the mean (SD), except where indicated otherwise.

TABLE 4. Logistic regression analysis of factors associated with 
prolonged LOS

OR 95% CI p Value

Age, yrs 1.01 0.98–1.05 0.46
Insurance (private vs Medicaid/Medi-
care/government)

0.42 0.20–0.87 0.02

Ambulation (dependent) 1.88 0.87–4.05 0.11
ASA class (III and IV vs I and II) 1.19 0.61–2.34 0.61
Arthrodesis (multilevel vs single level) 2.11 1.07–4.18 0.03
Duration of op, mins 1.00 1.00–1.01 0.16

Boldface type indicates statistical significance.
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tors of prolonged LOS in the multivariable analysis: 1) 
multilevel arthrodesis was associated with higher odds 
of prolonged LOS, and 2) private insurance payer status 
was associated with lower odds of prolonged LOS. Age, 
ASA class, ambulation dependence, greater intraoperative 
blood loss, longer operative duration, and perioperative 
complications (such as durotomy or UTI) were significant 
predictors in the univariate analysis. Nonhome discharge 
was also significantly associated with prolonged LOS af-
ter surgery. However, patient-reported outcomes through 
60 months were similar across LOS strata.

Our results align with large registry and institutional 
studies showing that surgical extent (multilevel fusion), op-
erative duration, transfusion/blood loss, and complications 
are consistent drivers of LOS after lumbar fusion. In an 
NSQIP (National Surgical Quality Improvement Program) 
analysis of 1861 patients, Basques et al. reported longer 
LOS with older age, higher ASA class, a longer operative 
duration, multilevel fusion, and blood transfusion.21 The 
Carolina-Semmes risk scale, derived using patients who 
underwent elective degenerative lumbar surgery, similarly 
flagged fusion (vs decompression alone), higher ASA class, 
assisted ambulation, and a longer operative duration as pre-
dictors of extended LOS and nonhome discharge.30 Prior 
QOD studies that investigated postoperative LOS for grade 
1 spondylolisthesis demonstrated that 2-level surgery and 
posterior approaches were associated with longer LOS.31

Our cohort’s payer effect is consistent with the literature 
linking socioeconomic status and payer type to extended 
LOS and postacute care use. A prior study by Hagan et 
al. reported that neighborhood-level socioeconomic disad-

vantage independently predicted prolonged LOS and non-
home discharge after elective spine surgery.32 Although 
not a biological factor, insurer/payer type often serves as 
a proxy for socioeconomic status, which can be associ-
ated with limited social support, greater care coordination 
needs, and additional barriers to home discharge, each of 
which can add avoidable inpatient days.

Consistent with earlier reports, we observed that peri-
operative complications, such as incidental durotomy 
and UTI, are associated with prolonged hospitalization, 
sometimes by multiple days.21,30,33 These events prolong 
hospitalization by necessitating workup and treatment of 
medical/surgical complications and requiring additional 
time to monitor patients to ensure they are medically safe 
for discharge. Complications have also been shown to in-
dependently increase the odds of discharge to a facility, 
introducing placement delays that further extend LOS.34

Contemporary Enhanced Recovery After Surgery 
(ERAS) pathways have been shown to shorten LOS after 
spine surgery, typically by 1–2 days, without increasing 
readmissions.35,36 Individual ERAS elements can be lev-
eraged to limit LOS in patients undergoing surgery for 
grade 2 spondylolisthesis. Programs that pair preoperative 
optimization and expectation-setting with opioid-sparing 
multimodal analgesia and early mobilization (day 0–1) re-
liably shorten the time to discharge. Early Foley and drain 
removal, standardized ileus prophylaxis with early oral 
intake, and proactive discharge planning from postopera-
tive day 0 (including weekend physical/occupational ther-
apy and case management coverage) can address common 
bottlenecks that otherwise add avoidable inpatient days.

FIG. 1. Forest plot showing independent predictors of prolonged hospital LOS. Govt = government.
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Multilevel surgery likely extends LOS through greater 
tissue disruption, higher EBL, and higher drain/line needs 
than single-level surgery. Even when complications do not 
occur, multilevel constructs often necessitate more inten-
sive mobilization support and analgesia on postoperative 
days 1–3. Minimally invasive or anterior-lateral approaches 
have been shown to reduce overall LOS in spondylolisthe-
sis cohorts, likely secondary to decreased nociceptive bur-
den, opioid exposure, and prevention of early decondition-
ing that can allow for earlier clearance for discharge.31,35 

The observed effect of insurer/payer status plausibly re-
flects system-level factors such as case management needs, 
availability of home health, transportation, and caregiver 
support. Prior work showed that discharge disposition is 
a dominant correlate of both LOS and total episode cost. 
In one modeling study, extended LOS was linked to cata-
strophic episode costs and postacute care was highlighted 
as a major cost driver (approximately 30% of total cost 
in some analyses).37 We found a significant association 
between prolonged LOS and nonhome discharge in our 
cohort. These findings are in concordance with prior stud-
ies which reported that nonhome discharge was strongly 
associated with extended LOS, highlighting the close op-
erational link between disposition barriers and inpatient 
hospital days.32

It is notable that age, ASA class, and ambulation de-
pendence lost significance after multivariable adjustment. 
This likely reflects collinearity with the number of opera-
tive levels, operative duration, and disposition. As reported 
previously, when surgical and system factors are modeled, 
patient comorbidity often becomes a weaker determinant 
of LOS.21,30,31

Because the strongest signals in the current study were 
longer fusion constructs and payer context, risk stratifica-
tion at the time of scheduling should focus on a holistic 
assessment of the patient, including preoperative clinical 
status, socioeconomic status and related considerations, 
and anticipated surgical complexity. Preoperative risk 
calculators for LOS and disposition have been previously 
described in spine surgery; early identification of patients 
at high risk enables early intervention and proactive dis-
charge planning, thereby reducing avoidable inpatient days 
and helping prevent prolonged LOS.37,38 Because payer sta-
tus often proxies socioeconomic resources and discharge 
barriers, pairing the patients at higher risk with an early 
social-work consultation and a home-readiness checklist 
can mitigate delays that lengthen hospital stays.32 Equally 
important is reducing discharge bottlenecks. This means 
involving case management on postoperative day 0, plac-
ing home health and durable medical equipment orders 
early, confirming caregiver/transport plans by postopera-
tive days 1–2, and ensuring 7-day physical/occupational 
therapy and weekend discharge coverage so that progress 
is not slowed by staffing gaps.38,39

Finally, while no one intends complications, early iden-
tification and prompt responses limit their impact on LOS. 
For example, standardized pathways for suspected CSF 
leakage (clear criteria for bed rest/lying flat, lumbar drain 
use, and assessing the need for reoperation) and bladder 
protocols to detect/avoid UTI can prevent small problems 
from adding days.21,33 When complications do occur, they 

are associated with longer hospitalization and can precipi-
tate facility discharge, which introduces additional place-
ment logistics and another reason for early engagement of 
case management.34

Limitations
First, although the QOD is prospectively collected, this 

study was conducted in a retrospective manner that might 
introduce bias. Additionally, the QOD registry is a multi-
center database with potential for variability in data col-
lection, which aims to reduce this overall variability by 
implementing a data collection protocol to standardize the 
collection of data across centers.40 The multicenter nature 
of the database also introduces variability in institutional 
resources and protocols that might affect LOS but that can-
not be accurately accounted for. Another limitation includes 
differences in surgeon preferences, institutional ERAS and 
postoperative care protocols, and postdischarge resources 
that might influence LOS but cannot be controlled for. The 
prolonged LOS definition (≥ 4 days) used in the current 
study improved comparability within the cohort, but might 
differ from fixed-day thresholds used elsewhere. Although 
several variables showed univariate associations with pro-
longed LOS, the number of events limited our ability to 
include all candidates in the multivariable model. Finally, 
our study excluded anterior and lateral approaches to re-
duce confounding, as differences in surgical approach can 
independently influence LOS. Further studies with patients 
undergoing minimally invasive surgery or anterior and lat-
eral correction of grade 2 spondylolisthesis would be help-
ful in determining how minimally invasive surgery versus 
open surgical correction could impact the hospital LOS.

Conclusions
In this multicenter Spine CORe™ QOD  cohort of pa-

tients who underwent surgery for Meyerding grade 2 spon-
dylolisthesis, multivariable logistic regression identified 
multilevel fusion and noncommercial insurance as two 
independent predictors of prolonged LOS (≥ 4 days) after 
surgery, with multilevel fusion approximately doubling the 
odds of prolonged stay. Age, operative duration, EBL, non-
home discharge, dependent ambulation, and perioperative 
complications (e.g., durotomy and UTI) were associated 
with prolonged LOS in the univariate analysis. These find-
ings highlight surgical magnitude, socioeconomic status, 
and disposition context as principal drivers of hospital 
LOS, thus supporting early identification of patients at 
high risk and targeted intervention to prevent prolonged 
LOS. Intervention that includes early involvement of case 
management, optimized allocation of hospital resources, 
and streamlined perioperative care can reduce the number 
of medically unnecessary inpatient days.
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