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Abstract

Objectives Efforts to safely reduce hospital LOS while maintaining quality outcomes and patient satisfaction are paramount.
The primary goal of this study was to assess trends in LOS at a high-volume quaternary care spine center. Secondary goals
were to assess trends in factors most associated with prolonged LOS.

Methods This is a prospective study of all consecutive patients admitted from January 2006 to December 2019. Data included
demographics, diagnostic category (degenerative, oncology, deformity, trauma, other), LOS (mean, median, interquartile
range, standard deviation, defined as days from admission to discharge), and in-hospital adverse events.

Results A total of 13,493 patients were included. Overall LOS has not changed over time with an overall median of 6.3 days
(»p=0.451). Median LOS significantly increased for patients treated for degenerative pathology from 2.2 days in 2006 to
3.2 days in 2019 (p=0.019). LOS has not changed for patients treated for deformity (overall median 6.8 days, p=0.411),
oncology (overall median 11.0 days, p=0.051), or trauma (overall median 11.8 days, p =0.582). Emergency admissions
increased 3.2%/year for degenerative pathologies (p = <0.001). Mean age has increased from 48.4 years in 2006 to 58.1 years
in 2019 (p= <0.001). This trend was observed in the deformity, degenerative and trauma group, not for patients treated for
oncological disease. More adverse events were significantly associated with increasing age.

Conclusion This is the first North American study to comprehensively analyze trends in LOS for spinal surgery overtime
in an academic center. Overall, LOS has not changed from 2006-2019. Various factors that influence LOS appear to have
balanced each other. It may also be explained by the changing epidemiology of both elective and emergency surgeries. These
findings provide opportunities for intervention and improvement, targeted at the geriatric population, to reduce length of
hospitalization.
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Introduction

Shifting age demographics in society has increased the
demand for spinal surgery in the elderly [1]. Notably, an
increasing proportion of spinal cord injuries occur in the
elderly population with falls an increasingly common cause
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[2, 3]. Recent advances in surgical techniques, anesthesia,
and intraoperative navigation systems have expanded the
indications for and the number of surgeries performed [4].
With these advances, spinal surgery is a major source of
health care costs making length of stay (LOS) reduction an
attractive target for ensuring access to limited inpatient beds
and cost reduction per treatment event [5]. Increased LOS
within a specific diagnostic category may be used as a qual-
ity of care indicator given that it is correlated with postop-
erative complications and morbidity [6, 7]. Also, prolonged
length of stay has been cited has an independent risk fac-
tor for unplanned readmissions [8]. Healthcare institutions
use LOS as an indicator of case complexity and hospital
performance.
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In the last 15 years, many efforts have been made to
decrease LOS while ensuring high-quality care for patients
via clinical care pathways [9]. Many studies have reported
on factors associated with increased LOS [1, 6-8, 10]. Initia-
tives have been made to target modifiable risk factors preop-
eratively, such as pulmonary evaluation and optimization or
nasal decolonization. Postoperative management has been
targeted to non-modifiable risk factors, such as personalized
physiotherapy or early involvement of hospitalists for ongo-
ing medical issues. Standardized protocols have been shown
to reduce complications such as the incidence of thrombo-
embolism [11-13]. Sethi et al. [14, 15] demonstrated that
a protocolized dual-attending surgeon approach and live
multidisciplinary preoperative screening conference signifi-
cantly reduced perioperative complication rates. Enhanced
recovery after surgery with an evidence-based multidisci-
plinary approach to perioperative management after major
surgery may reduce complications and length of stay [16,
17]. Advances such as cone beam CT-based navigation and
intra-wound antibiotics aimed at reducing complications [18,
19]. Presurgical physiotherapy, so-called «prehabilitation»,
has not yet been shown to impact postoperative outcomes
[20, 21]. Despite these numerous technological and organi-
zational advances among others, the reductions in LOS have
been inconsistently reported [9].

Although many studies have reported LOS, very lit-
tle information is available about overall temporal trends.
Trends in LOS for all spine surgery have previously been
examined in a multicenter study in Japan over a 10-year
period [4]. The present study is the first North American
study to examine trends in LOS in spinal surgery. The goal
of this study is to evaluate trends in LOS at a high-volume
quaternary care spine center over a 14-year period. Second-
ary goals were to identify trends in factors strongly associ-
ated with prolonged LOS.

Methods
Data source and study population

This study was a retrospective analysis of a prospectively
maintained database of consecutive adult patients who
underwent spine surgery at a quaternary high-volume spi-
nal care center from 2006 to 2019. The study center serves a
population of 5.1 million people [22]. As Covid-19 affected
nearly all aspect of hospital operations in 2020, we removed
2020 data.

Variables

Diagnostic categories included are degenerative, oncology,
deformity, trauma, and other. Deformity was defined if it

involved a measurable coronal or sagittal deformity and/or
if it involved fusion of more than five consecutive spinal lev-
els or more than three levels of interbody fusion. Oncology
was defined as primary malignant and benign spinal tumor,
intradural tumor, metastatic tumor, and multiple myeloma.
Admissions were classified as emergent or elective. LOS
was defined by the number of calendar days from hospital
admission to hospital discharge. Mean, median, standard
deviation, and interquartile range for LOS were calculated
yearly overall and per diagnosis. Patients were discharged
if the wound was healing well and an evaluation by the
multidisciplinary team deemed the patient safe to go home.
Patients with continued medical or rehabilitation needs were
transferred to their local hospital or to a dedicated rehabilita-
tion center.

Primary and secondary endpoints

The main endpoint examined was trends in LOS in all spine
surgery over a 14-year period. The secondary endpoint was
to examine the trends in the factors with the strongest asso-
ciation with prolonged LOS in the study center database
overall and in each diagnostic category.

Statistical analysis

Descriptive statistics were used for all the analysis variables,
overall and by diagnosis. Length of stay required a natural
log transformation to normalize the PRESS residuals in lin-
ear regression models. Multiple linear regression models
were created with log LOS versus the following predictor
variables: year, age, adverse events, diagnosis, emergent
versus elective admission. Models were fit in overall data
and by diagnostic group. Regression coefficients represent
the additive effects of a one-unit increase in each predictor
variable on the natural log of LOS in days. Exponentiated
regression coefficients represent the multiplicative effect on
LOS due to a one-unit increase in the predictor variable. All
statistical analyses were performed using SAS v9.4 (SAS
Institute, Cary, North Carolina).

Results

A total of 13,493 patients were included. Overall, median
LOS was 6.3 days with interquartile range (IQR) 2.5-15.1.
Overall mean LOS was 15.8 days with standard deviation
(SD) 34.0. During the study period, 34.0% of patients were
treated for degenerative pathology, 24.5% were treated for
trauma, 14.6% were treated for deformity and 10.4% were
treated for oncology (Table 1). The proportion of patients
treated for oncological pathologies has increased on average
2.6%/year (p= <0.001) (Fig. 1). The proportions of patients
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Table 1 Length of stay (days) for each diagnostic category

Diagnosis Total patients (N, %) Mean Median SD IQR

Trauma 3168 (24.5) 23.71 11.84  38.55 23.05
Oncology 1347 (10.4) 18.59 11.00  26.28 16.53
Deformity 1890 (14.6) 10.19 6.81 1244 691
Degenerative 4397 (34.0) 641 3.14 2590 5.16

treated for degenerative pathology have increased on average
1.3%/year (p=0.006). The proportion of patients treated for
trauma has decreased on average 1.9%/year (p= <0.001).
The proportion of patients treated for deformity has
decreased on average 2.2%/year (p = <0.001). The factors
with the strongest association with prolonged LOS were age
(OR1.011, p<0.001), emergency admissions (OR1.615,
p<0.001), and adverse events (OR2.613, p <0.001).

Emergency and elective admission were almost equal
(50.3% vs 49.7%). Emergency admissions have increased
on average 2.2%/year during the study period (p= <0.001).
Within the degenerative group, emergency admissions have
increased on average 3.2%/year (p= <0.001). Overall,
29.7% of all admissions for degenerative pathologies were
emergencies.

Overall mean and median LOS have not significantly
changed from 2006 to 2019 (p=0.451) (Fig. 2). The
median LOS has varied from 5.4 in 2006 to 6.3 days in 2019
(Table 2). The mean LOS has varied from 19.6 days in 2006
to 14.0 days in 2019. Median LOS significantly increased for
patients treated for degenerative pathology from 2.2 days in
2006 to 3.2 days in 2019 (p=0.019) (Fig. 3). LOS has not
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changed for patients treated for deformity (overall median
6.8 days, p=0.411), oncology (overall median 11.0 days,
p=0.051), or trauma (overall median 11.8 days, p=0.582).

The variability in LOS has decreased over the study
period: specifically, the standard deviation of mean LOS
decreased from 43.5 in 2006 to 25.9 in 2019 (Table 2). The
variability in LOS has increased over time for the degenera-
tive group with a standard deviation of mean LOS increasing
from 6.0 to 9.0 days over the study period. The variability in
LOS has not significantly changed for deformity, oncology,
and trauma.

Mean age for the entire study cohort was 53.3 years (SD
17.6) with a range from 18 to 99 years old. Mean age has
significantly increased from 48.4 years in 2006 to 58.1 years
in 2019 (p = <0.001). For reference, in our catchment area,
the mean age of the population has increased from 40.8 to
42.7 years over the same time. In this study, the proportion
of patients who were over 75 years old at the time of surgery
has increased from 45.3% in 2006 to 58.2% in 2019. The
proportion of patients over 85 years old has increased from
6.6% in 2006 to 11.8% in 2019. By comparison, according
to local government data, the proportion of patients over
85 years old in our catchment area has increased from 1.8 to
2.5%. After adjusting for the incidence of adverse events on
multivariate analysis, each additional year of age increased
LOS 0.01 days (p= <0.001). This means that, for the study
center providing treatment to approximately 1000 patients
every year, an additional 100 bed days/year is attributable
to the decade increase in mean age between 2006 and 2019.
Age has significantly increased over time for patients treated
for deformity, degenerative pathology, and trauma. Age has
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Fig. 1 Proportions of diagnostic category over time
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Fig.2 Trends in LOS from 2006-2019

Table 2 Trends in length of stay (days) from 20062019

Year Total Mean LOS  Median LOS  SD IQR

patients

N)
2006 978 19.59 5.44 43.51 12.19
2007 875 23.48 5.88 44.60  20.53
2008 938 19.92 6.45 3848 14.50
2009 984 19.06 6.64 37.75  13.00
2010 895 14.54 6.68 2995  10.96
2011 925 12.49 6.16 18.91 11.68
2012 903 11.52 5.92 17.97  10.55
2013 921 12.28 5.56 22.39  10.85
2014 992 16.46 6.76 53.43  13.18
2015 965 15.94 7.18 31.11 13.54
2016 916 15.59 7.31 4359 1271
2017 978 14.11 7.25 2247  12.88
2018 1105 12.99 6.19 20.56  11.15
2019 1118 13.97 6.27 2593  12.59

not changed over time for patients treated for oncological
disease.

Increasing age was significantly associated with
increased number of adverse events (correlation 0.12, 95%
CI=0.07-0.17, p <0.001). Despite the significant increase
in age of the study population, the number of patients having
any adverse events has not significantly changed over time.
On multivariate analysis, adjusted for age, each additional

2013 2014 2015 2016 2017 2018 2019

........ Linear (Mean) Linear (SD)

adverse event increased the LOS by 1 day (p <0.001). This
trend was observed in each diagnostic category (deform-
ity, degenerative, oncology, trauma, and others). Concur-
rently, overall, surgical site infections (SSI) have signifi-
cantly decreased over the study period from 7.9 to 1.4%
(p= <0.001). Similarly, SSI has decreased for deformity,
degenerative, and oncology. However, SSI has not signifi-
cantly changed for trauma.

Discussion

This study provides comprehensive and granular insights
into the trends in and determinants of LOS in a high-volume
quaternary spinal care center over the past 14 years. For
the entire study period, mean LOS has not changed. This
information along with the changing case mix is critical for
current and future strategic planning and resource alloca-
tion. Prolonged LOS increases health care expenditure: thus,
surgeons and providers are always seeking ways to improve
cost-effectiveness while maintaining or improving outcomes
in an era of rising healthcare costs.

Age has been reported as a key determinant of pro-
longed LOS in the literature [1, 4, 7, 10, 23-25]. This
study demonstrated that elderly patients represent an
increasing proportion of those receiving spine surgery.
Spinal disease in the elderly most commonly includes
degenerative disease such as lumbar spinal stenosis, cervi-
cal spondylosis, degenerative spondylolisthesis, and spinal
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Fig.3 Trends in median LOS per diagnostic category from 2006-2019

deformity [26, 27]. The elderly, who tend to be more frail
and present with a greater burden of medical comorbidi-
ties may have difficulty with rehabilitation, increased
risk of poor wound healing, and other complications [3,
7, 28]. The present study identified a significant corre-
lation between increasing age and more adverse events.
Surprisingly, adverse events have not increased over time
despite increasing age of the treated population. There-
fore, technological advances and hospital-based protocols
aimed at reducing adverse events seem to have positively
impacted patient outcomes [18]. For example, CT-based
navigation was introduced in 2008; nasal decolonization
in 2014; intrawound antibiotics in 2016; and silver-coated
catheter in 2018.

A growing elderly population means more bed days are
occupied per year as shown by the present study. Hospital
administrators should focus on care pathways that target
specific needs of the elderly population such as customized
rehabilitation, nutrition optimization, and deconditioning
prevention. Adogwa et al. reported on the co-management
by spine surgeons and geriatricians of elderly patients under-
going lumbar fusion surgery with a Perioperative Optimiza-
tion of Senior Health (POSH) program [29]. Their protocol
reduced LOS by 30% through earlier and improved mobili-
zation and reduction in postoperative complications.

@ Springer
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In recent decades, the aging North American popula-
tion has led to an increase in the number of spinal surgeries
performed [30-35]. The growing burden on the healthcare
system requires age-appropriate quality improvement initia-
tives. Minimizing LOS has long been seen as a key com-
ponent of cost containment and service delivery [36]. For
healthcare administrators, the objective would be to reduce
LOS to improve hospital performance and efficiency of the
care delivery process. This study has shown an increase in
emergency surgeries for degenerative pathology over time.
This may be the result of increasing demand for spinal sur-
geries, disproportionate to the limited resources available
to provide them [37, 38]. Compromised access to surgeons
whose waitlists for assessment and elective surgery are inun-
dated with patients may lead to increases in patients with
degenerative spinal pathology that would ideally be treated
electively, presenting to emergency rooms in states of crisis.

To our knowledge, Kobayashi et al. report the only other
large-scale study of trends in LOS in spinal surgery [4].
Their report shows a decrease in LOS in 10,829 patients
over 10 years in Japan from 2005 to 2015, a similar time
frame to the present study (2006-2019). In this Japanese
study, the initial mean LOS was 25.9 days in 2005 with a
median age in Japan of 43.0 years [39]. The LOS decreased
to a mean of 19.6 days in 2015 with a median age in Japan
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of 46.4 years. This study does not present the trends in age in
the population receiving spine surgery. In the present study,
the initial LOS was 19.6 days in 2006 with a median age in
Canada of 39.5 years [40]. The LOS was 14.0 days in 2019
with a median age of 40.5 years. First, LOS was defined as
the number of calendar days from the operation to hospital
discharge in the Japanese study, and LOS was defined by the
number of calendar days from hospital admission to hospi-
tal discharge in this study. The longer LOS in the Japanese
study may be explained by higher number of hospital beds
per capita, which decreases the pressure to discharge. The
decrease in LOS observed in the Japanese study is explained
by the authors by a Japanese fixed payment public system,
which is now a national medical policy. Secondly, the aver-
age LOS had more room for improvement in the Japanese
study with a higher starting point (25.9 days vs 19.6 days).

When assessing trends in LOS, it is also necessary to
assess trends in variability within the population as a whole,
and within diagnostic subgroups. Declining or minimal vari-
ability may indicate little room for improvement, whereas
greater variability may represent opportunity for improve-
ment. In the present study, variability has been increasing
in degenerative pathologies; conversely, it has remained sta-
ble in deformity, trauma, and oncology. This likely reflects
the inherent heterogeneity of degenerative pathology which
includes, for example, lumbar disc herniation, and cervi-
cal myelopathy. This phenomenon may also be explained
in part by the increasing proportion of degenerative cases
performed in an emergency setting. Emergent admission and
treatment of degenerative conditions will add pre-operative
hospital days while the patient obtains imaging or is waiting
for urgent unscheduled surgical time. In contradistinction,
elective patients are admitted on the day of surgery. The
introduction of innovations that reduce LOS such as infec-
tion prevention protocols and intraoperative neuronavigation
may have reduced the variability observed in LOS.

While the present study provides useful insight into
trends in LOS over time, its findings should be interpreted
within the context of the study design. Functional discharge
status and readmissions were not assessed. Occasional trans-
fer of patients to other facilities post-surgery was not con-
sidered and thus the LOS reported is not representative of
time in hospital up until return to home. It is possible that an
increased LOS could have a positive impact such as a lower
readmission rate and improved functional status at discharge.
Changes in institutional preoperative practices and proce-
dures such as admission of patients from remote locations
prior to surgery may have differentially influenced LOS over
the study. However, in future studies, if LOS is operationally
defining as the number of days from operation to discharge it
could mitigate this potential source of confounding.

It is probable that length of stay was affected by delays in
transfer to other hospitals or rehabilitation facilities due to

external factors such as weather, limitations in transportation
resources, or bed availability. Equally, some study patients
likely continued receiving care at another hospital which is
not accounted in the measured length of stay. However, we
have no reason to believe that the presence or magnitude of
such delays nor the duration of stay in community hospitals
after discharge from our center would have changed over
the study interval. Future studies should assess trends in
adverse events and perform analysis on factors associated
with increased LOS in each diagnostic category.

Conclusion

This is the first North American study to comprehensively
analyze trends in LOS over time in spinal surgery. On aggre-
gate, LOS has not changed from 2006-2019. Various factors
that influence LOS appear to have balanced each other. It
may also be explained by the changing epidemiology of both
elective and emergency surgeries. These findings provide
opportunities for intervention and improvement, targeted at
the geriatric populations, to reduce length of hospitalization.
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