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Abstract

Background: Elective spine surgeries utilize significant hospital resources. Postoperative
hospital length of stay (LOS) requires substantial nursing, nutritional, social, administrative, and
overhead resources, thus contributing greatly to the costs of institutional care. Previous studies
have identified several pre-, intra-, and post-operative factors associated with increased LOS
following elective spine surgery; however, findings are not consistent between studies, and
research has not been done in a Nova Scotian setting.

Objectives: 1) To describe the distribution of the demographic, clinical, operative, and
postoperative characteristics among patients undergoing elective lumbar spine surgery for single-
and two-level degenerative conditions at a Nova Scotian quaternary care institution between
October 2014 to October 2016. 2) To describe how the demographic, clinical, operative, and
postoperative characteristics are independently associated with LOS among the study population.

Methods: We conducted a retrospective cohort study using data collected at the Halifax
Infirmary. The sample included consecutive patients (> 18 years of age) who underwent single-
or two-level elective lumbar spine surgery for degenerative conditions between October 2014 to
October 2016 at a single institution by one of two orthopedic spine surgeons. Potentially eligible
patients were identified using International Classification of Diseases ninth revision codes. We
reviewed patients’ electronic medical charts and extracted information on demographic, clinical,
and operative characteristics that we identified in studies from a systematic literature search. We
collected and considered the following factors for inclusion in the statistical model: preoperative
factors (sex, age, BMI, revision surgery, American Society of Anaesthesiology class, Charlson
comorbidity index, hemoglobin level, narcotic-, antidepressant-, and neuroleptic-use, initial
diagnosis, workers’ compensation claim), operative factors (analgesics, transfusion, blood loss,
surgical case time, surgery performed, complications, operating surgeon), and postoperative
factors (hemoglobin level and transfusion). The outcome of interest was LOS, calculated as the
number of days from the date of surgery to the date of discharge. We used descriptive statistics
to summarize the data. We used multiple quasi-Poisson regression to describe the characteristics
independently associated with LOS. We stratified by surgery group when feasible to explore
heterogeneity within the study population.

Results: A total of 473 patients met inclusion criteria. The average age of patients was 59.6
years (95% confidence interval: [58.3, 61]). The median LOS was 3.0 days (Interquartile range
(IQR) = 1-4) for the entire population, 4.0 days (IQR = 3-6) for 1-level transforaminal lumbar
interbody fusion (TLIF) patients, 0 days (IQR = 0-1) for discectomy patients, and 2.0 days (IQR
= 1-4) for laminectomy patients. Factors that were statistically significantly associated with LOS
in adjusted analyses were age, BMI, preoperative antidepressant use, surgery group, long-acting
intraoperative analgesics, operating surgeon, and postoperative blood transfusion. Stratified
multivariable analysis showed effect modification by surgery group. Surgery group had the
strongest association with LOS (RR > 3), followed by postoperative blood transfusion (RR >
1.5), intraoperative analgesics (RR < 1.5), and intraoperative complications (RR < 1.5).

Conclusions: LOS following elective lumbar spine surgery for degenerative conditions is
associated with several patient, clinical, and surgical factors and is highly dependent on the type
of surgical procedure performed. These findings provide preliminary evidence for future research
to develop and test a predictive model for LOS and may contribute to quality improvement. The
results also provide evidence for future research to focus on more homogenous populations, and
include prospective, confirmatory studies.
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Chapter 1: Introduction

Low back pain (LBP) is a leading cause of disability and poses a significant burden to both
individuals and ultimately society (1,2). The lifetime prevalence of LBP is estimated to be as
high as 84% (3,4). Common degenerative conditions affecting the lumbar spine, presenting with
LBP, include spondylolisthesis, spinal stenosis, disc herniation, and degenerative disc disease.
The global annual incidence of degenerative lumbar spine conditions (with LBP) is estimated to
be 3.63% (1).

Lumbar spine surgery is often used to treat chronic spine pathologies (5,6). Common surgical
procedures include discectomies, laminectomies, and instrumented fusions. The rates of both
laminectomy and fusion procedures have been rising internationally over the past two decades
(7,8). Not only are the increasing rates noteworthy, but the high costs and significant resource
consumption associated with spinal surgery places significant strain on systems with already
limited resources. These trends make the study of postoperative outcomes imperative, including
complications, readmissions, patient reported outcomes, and length of stay (LOS).

LOS following lumbar spine surgery is an outcome that is useful for hospital administrators to
consider. It allows for the evaluation of care delivery, resource use, and hospital efficiency (9).
Extended LOS may increase the risk of hospital acquired infections, lead to higher hospital costs,
and may be suggestive of poor-care coordination (10—12). Identifying potentially modifiable and
non-modifiable factors that are associated with a longer LOS is an important first step. Within
the last decade efforts have been made to identify prognostic factors associated with LOS
(particularly in the United States (US) population); however, findings are inconsistent and have
not been investigated in the Nova Scotian setting. Importantly, postoperative care varies by
hospital and geographic region, with differences in patient characteristics and individual and
institutional practice (6). This gap leads to the primary objective of the proposed research, which
is to describe the factors associated with LOS after elective lumbar spine surgery in a Nova
Scotian population.

This thesis document is comprised of six distinct chapters:

e Chapter 1 provides an introduction to the topic in order to contextualize the research and
situate the reader prior to delving into background information and previous literature.

e Chapter 2 includes background information on various spine pathologies and surgical
procedures, justifies the importance of LOS as a postoperative outcome measure, and
presents findings from a systematic literature review of factors that have been identified
as being associated with LOS in previous studies of lumbar spine surgery.

e Chapter 3 marks the transition into the thesis research and comprises information on the
study rationale and research objectives.

e Chapter 4 includes details on the study methodologies, including study population, data
sources, study variables, and statistical analysis plan.

e Chapter 5 outlines the results of the study.

e Chapter 6 concludes by discussing the key results, strengths and limitations of the study,
and implications for the Orthopedic Spine division and future research.



Chapter 2: Background & Literature Review
2.1. Orthopedic Disorders

Orthopedic disorders include injuries or diseases that affect the musculoskeletal system,
including bones, tissues, tendons, and ligaments (13), and are a major source of chronic pain and
disability worldwide (14). The Ontario Health Survey reported that musculoskeletal conditions
were responsible for “40% of all chronic conditions, 54% of all long-term disability, and 24% of
all restricted activity days” (14,15). The prevalence of musculoskeletal conditions increases with
age, making Canada even more susceptible to the growing burden due to its aging population
(14,16). While conditions affecting the musculoskeletal system vary greatly in pathophysiology,
they share similarities anatomically, and with their adverse effects on pain and physical
functioning (14).

2.2. Lumbar Spine Pathologies and Low Back Pain

LBP is a common condition that most people experience at some point in their life, with a
lifetime prevalence as high as 84% (5). LBP poses a significant economic, societal, and health
burden. According to the Global Burden of Disease 2016 Study, LBP was recognized as the
leading cause of disability (measured in years lost due to disability) in those age 25-64 years
(2,17,18). Due to a global population that is aging and increasing in size, the impact of LBP is
steadily rising (19). It is not surprising that disability caused by LBP has a direct impact on the
economic burden, as individuals are required to take time away from work (20,21). A systematic
review of LBP cost of illness studies found that indirect costs from lost work productivity
represented a majority of the total cost associated with the condition (22). At the individual level,
the economic burden of LBP has profound implications. It is the leading chronic health problem
forcing people to stop working and older adults to retire earlier (23). Furthermore, older adults
that retire early due to LBP have approximately 87% less total wealth and income producing
assets compared to those without LBP (24). The majority (~ 90%) of LBP cases are non-specific,
in which there is not an obvious anatomical or structural cause (25-29).

While the majority of LBP cases are non-specific, a cause can be identified in a small proportion
(~ 10%) of cases (28,30). A 2018 study by Ravindra et al. (1) estimated the annual global
incidence of degenerative lumbar spine conditions with LBP to be 3.63% (266 million). LBP is
commonly a symptom of degenerative lumbar spine pathologies, such as spondylolisthesis,
spinal stenosis, disc herniation, or degenerative disc disease (20), which may be treated
surgically.

The Canadian Spine Outcomes and Research Network (CSORN) provides a breakdown of the
proportion of various spine pathologies in patients registered in the database (31). CSORN
collects data from multiple centres across Canada on patients who have had a consultation with
an orthopedic spine surgeon and plan to undergo surgery. There were 2322 patients enrolled in
the CSORN database as of 2017; 79% had thoracolumbar health conditions and 21% cervical.
Among thoracolumbar patients, 31% presented with stenosis as the principle pathology, 31%
spondylolisthesis, 21% disc herniation, 7% degenerative disc disease, 6% deformity, 3% other,
and 1% tumor (31). The following section includes information on the etiology,



pathophysiology, and epidemiology of degenerative lumbar spine conditions relevant to this
thesis.

2.2.1. Spondylolisthesis

Spondylolisthesis is characterized by the forward slippage of a vertebral body, relative to the one
below. Degenerative spondylolisthesis results from changes associated with age and commonly
occurs at the L4/L5 region (32,33). Isthmic spondylolisthesis is caused by stress fractures and is
most common at the lumbosacral region (L5/S1) (34). The prevalence of degenerative
spondylolisthesis is highly dependent on age and gender. The ratio of prevalence in females
compared to males is approximately 1.3 to one, and the risk is accelerated after the age of 50
(33). Spondylolisthesis is most often asymptomatic but often associated with spinal stenosis, and
of the cases where symptoms are present, a small proportion will undergo surgery (34).

2.2.2. Spinal Stenosis

Spinal stenosis refers to the narrowing of the spinal canal and the associated symptoms caused
by pressure on the spinal cord or nerves. It is most commonly caused by degenerative changes in
the elderly population (35,36). It is more common in the lumbar spine, with the incidence being
five times greater compared to the cervical region (5/100,000 vs. 1/100,000) (37). Lumbar spinal
stenosis is estimated to affect over 200,000 adults in the US, with that number projected to rise
exponentially in the next decade (38). It is also the primary reason for undergoing spine surgery
in those over the age of 65 in the US (39,40). Spinal stenosis and degenerative spondylolisthesis
share similar symptoms and surgical management (41).

2.2.3. Disc Herniation

In between the vertebral bodies (i.e. the bones) that make up the spine there are cushions known
as intervertebral discs. These discs comprise tough fibers known as the annulus, which surround
a gel-like substance called the nucleus. A herniated disc refers to the leakage of the inner nuclear
material through the outer annulus, which can put pressure on the nerve roots and lead to pain
and symptoms of numbness or weakness (42). Degenerative changes in the disc that occur with
age contribute to disc herniation (42), with the highest prevalence being in those age 30 to 50
years (43). The incidence of disc herniation is estimated to be five to 20 per 1,000, with males
having double the rate of occurrence compared to females (44). Other factors, such as physical
exertion, trauma, and genetics can also influence the risk of disc herniation (45). More than 85%
of patients that experience a herniated disc will improve on their own with time or conservative
therapies (44); however, if pain and symptoms persist and surgery is required it usually includes
a discectomy (46,47)

2.2.4. Scoliosis

Scoliosis is a deformity where the spine curves sideways, in the frontal plane (48). It can arise
spontaneously (i.e. idiopathic scoliosis) or it can be related to degenerative changes or
underlying medical conditions. The most common cause of scoliosis in adults is degeneration.



Prevalence estimates range between one to 10% (49,50), with a higher prevalence in older adults

(SD).
2.3. Lumbar Spine Surgery

There are many conservative therapies available to address degenerative lumbar spine conditions
(52), and some will improve without intervention over time; however, when patients do not
respond to alternative treatments or there are neurological abnormalities present, operative
management is generally warranted (6). The majority of lumbar spine surgeries for degenerative
spine pathologies are elective, meaning they are scheduled in advance.

The most recent study on the incidence of spine surgery in Canada was conducted in 1998. The
study included routinely collected health data from five Canadian provinces (63% of the
population) over a 12-month period and found that 12,329 spine surgeries were performed. The
rate of spine surgery for the entire cohort was 80 per 100,000 individuals, which is lower
compared to the US (53). Even with up-to-date epidemiologic data lacking, it is known that spine
surgeries are prominent and show increasing rates (7). In the US alone, more than 500,000
surgeries are performed each year for degenerative lumbar spine disease (54,55). Studies have
shown a sharp increase in lumbar fusion and laminectomy rates over the past two decades, with
discectomy rates remaining fairly stable. For example, a study on elective lumbar spine surgery
trends in the US reported a 56.4% increase in lumbar fusion procedures from 2003 to 2012 (8). A
similar study in Belgium found laminectomy rates doubled from 2000 to 2009, without an
increase in global rates of spinal disease (7). An Ontarian study reported a 63% increase in
fusion rates for degenerative lumbar spine disease between 1995-2001 (56). It is unclear why
rates of more invasive procedures such as spinal fusions are increasing in the absence of a
parallel increase in indications. Potential explanations that have been proposed for these
observed trends include the opinions of key stakeholders/leaders, financial incentives for
hospitals or surgeons, the introduction of new surgical devices, and advances in peri-operative
practices (57). In the CSORN 2017 registry (of which 1049 of the 2322 patients enrolled
underwent surgery), approximately 55% of thoracolumbar surgeries were fusion (with or without
other procedures), 11% discectomy, 23% decompression, and 11% combined discectomy and
decompression (31). The most common operative indication for spine surgery is radiating leg
pain from nerve root compression (58).

Elective spine surgeries consume significant hospital resources and are associated with high
costs. In the US, the average hospital charges associated with complex fusions and
decompressions are estimated to be $80,888 and $24,000, respectively (59). Between 1998 and
2008, there was a 3.3-fold increase in the average total hospital costs associated with spinal
fusion discharges in the US (54). To compare to other common orthopedic surgeries, such as hip
replacement and knee arthroplasty, these charges increased 2.2-fold and 2.3-fold, respectively,
during the same decade. Looking at data from 2008, the bill for spinal fusion surgery on a
national level was estimated to be $33.9 billion in the US — a number that increased 7.9-fold
from the previous decade (54).

Common outpatient lumbar spine surgeries include non-instrumented discectomies and
laminectomies. Common inpatient lumbar surgeries include multilevel laminectomies, and



instrumented fusions (60,61). The following section discusses various surgical procedures
relevant to this thesis, including the clinical indications, surgical practices, prognoses, and
evidence about expected LOS.

2.3.1. Discectomy

A discectomy involves the surgical removal the disc material that is pressing on the nerve root
causing pain and symptoms (62). It is a common procedure to relieve unrelenting pain and
discomfort caused by disc herniation (44,46,47). The most common surgical technique is called a
microdiscectomy and uses a smaller incision (62,63). According to the Mayfield Clinic, the
majority of patients will be discharged on the same day of surgery, while others will require a
stay of one to two days (64).

2.3.2. Laminectomy (with or without Fusion)

Laminectomy, also known as a decompression, is a surgery that creates space within the spinal
canal by removing the portion of bone at the back of the vertebrae called the lamina (65). This
procedure is typically done with or without a fusion to treat spinal stenosis and degenerative
spondylolisthesis (41). As per a report by the Mayfield Clinic, most patients who receive a
laminectomy will stay one to two days in hospital (66). A 2015 retrospective cohort study on
elective laminectomy for lumbar spinal stenosis reported an average LOS of 2.1 days (standard
deviation (SD) = 2.6) for the cohort (67). According to the Ottawa Hospital, if a fusion is also
required, a patient can expect to stay approximately four days in hospital (68).

2.3.3. Fusion

A spinal fusion is a surgical procedure that connects at least two vertebrae with the goal of
stabilizing the spine. The vertebrae are fused together using bone graft, metal rods, and screws
(69). These procedures are used to treat several spinal conditions and ailments, including
vertebral fracture (70), deformity, instability, and most commonly, degenerative conditions such
as spondylolisthesis and spinal stenosis (71). According to information from the North American
Spine Society, patients usually stay in hospital for three to four days after surgery; however, LOS
is variable and can be longer for more extensive surgeries or patients who are elderly or in a poor
health state (71).

There are various approaches that are used for spinal fusion surgery. The most common
techniques for treating degenerative conditions and instability are anterior lumbar interbody
fusion (ALIF), posterior lumbar interbody fusion (PLIF), and transforaminal lumbar interbody
fusion (TLIF) (72). Interbody fusions are different in the sense that disc material is removed and
the anterior portion of the vertebrae (i.e. vertebral bodies) are also fused together. These are
some of the most common procedures performed by spine surgeons, especially TLIFs (73). TLIF
employs a one-sided posterior lateral approach, which is beneficial in terms of injury/recovery
(74). In regard to differences and similarities in the mean LOS for PLIF, TLIF, and ALIF surgery
that have been reported in the literature, a study in the US compared outcomes after open versus
minimally invasive TLIF surgery. They reported an average LOS of 2.0 days (SD = 0.64) for the
group that had the minimally invasive approach and an average stay of 3.0 days (SD = 1.26) for



those who received the open approach (75). In comparison, a study looking at elective, open
PLIF reported a mean LOS of 3.6 days (SD = 1.8) for the study cohort (73). A similar study of
both minimally invasive and open PLIFs reported an average LOS of 2.9 days (SD = 1.8) (76). A
retrospective cohort study of 416 consecutive patients undergoing ALIF surgery reported an
average LOS of 3.6 days (SD = 2.6) and 4.0 days (SD = 1.6) for patients who received a threaded
versus nonthreaded interbody spacer device, respectively (77).

2.4. Important Outcomes for Lumbar Spine Surgery

Elective spine surgeries utilize significant hospital resources and the associated costs and
outcomes after spine surgery are important considerations (54,55,78). There is a consistent
emphasis in the healthcare system to reduce costs, improve efficiency, and maintain/improve
care delivery while avoiding harm (79). Considering postoperative outcomes is one method for
evaluating resource utilization, efficiency, and health care delivery. Important postoperative
outcomes include duration of hospital stay (i.e. LOS), readmission to hospital/reoperation,
complication rate, and patient reported outcomes such as pain, physical function, and health-
related quality of life (80). Many of these outcomes are interrelated and should be considered in
the context of one another. For instance, unnecessarily long LOS may suggest poor quality of
care and increase the risk of hospital acquired infections (11). The interplay of various
postoperative outcomes is demonstrated in a patient-centered LOS reduction intervention that
was implemented in a US hospital. This initiative resulted in reduced average LOS by 7.8%,
rates of readmission by 14.8%, incidence of patient safety indicators by 32%, healthcare acquired
conditions by 55%, and an estimated yearly cost savings of $2.2 million (12). On the other hand,
being discharged too early may lead to poorer patient outcomes and increased risk of
readmission (11) (and hospital costs). For example, a study comparing 27 countries found that
patients hospitalized in countries with longer average LOS for acute heart failure had
significantly lower readmission rates (81). A study by Southern et al. (82) controlled for patient-
level variables and found that shorter LOS was significantly associated with a higher risk of 30-
day, all-cause mortality. These potential tradeoffs should be carefully considered when looking
at policies/incentives that aim to shorten LOS.

2.4.1. Length of Stay

Inpatient LOS following surgery is an especially important outcome measure for hospital
administrators to consider. It is important from both a patient and system perspective as it is
associated with hospital costs, efficiency, quality of care delivered, and clinical outcomes (6,9).
LOS is commonly used as a proxy for understanding resource utilization within hospitals (9,79),
and patients with prolonged LOS have considerably greater resource use.

Inpatient costs associated with elective lumbar spine surgeries are closely related to a patient’s
LOS. The estimated baseline cost for every extra day spent in hospital following spine surgery in
the US is $1,000 (10), with these costs reported to be rising (83). According to recent estimates
from a study conducted in Nova Scotia, the average costs of admission for three similar spine
surgical procedures was approximately $1,100 per day (84). In terms of patient experiences and
outcomes, prolonged LOS is correlated (though not causally) with adverse events such as deep
vein thromboses (85). A study of adverse events in Canadian hospitals found that patients who



experienced adverse events had longer hospital stays compared to those who did not have
adverse events (86). Furthermore, the costs associated with these intra- or post-operative
complications can be higher (87). LOS is also an essential variable to consider with regard to
hospital scheduling and resource management (9,88).

These associations have led to increased efforts to better quantify and improve resource use and
unnecessary days spent in hospital (89). Identifying factors associated with increased LOS
requires complex evaluation strategies since LOS is influenced by many surgical and nonsurgical
factors (90). For instance, LOS can be influenced by the patients’ demographics and health state,
availability of services and extended care facilities (91), and differences between surgical
practices (89).

LOS is commonly measured in the literature from the day of surgery to the day of discharge,
with no compensation for partial days (92-94). How extended LOS is defined for analysis
purposes varies in the literature, with definitions ranging from greater than 24 hours to greater
than seven days. Some studies use data-driven and somewhat arbitrary approaches for deciding
what constitutes extended LOS for various lumbar spine procedures. For example, Gruskay et al.
(73) defined extended LOS as being at least one standard deviation greater than the mean.
McGirt et al. (95) used a cut-off of more than seven days and applied it to a heterogenous
surgical spine population. Using data driven thresholds in the absence of clinical justification can
lead to spurious associations and results. The categorization of LOS also makes it difficult to
compare to other studies that use different definitions of extended LOS. There is no consensus on
what constitutes extended LOS in the surgical spine literature, and there is likely considerable
variation by surgical procedure (e.g. discectomy vs. interbody fusion). There is, however, a
consensus in the epidemiologic literature for the use of linear or non-linear modeling of
continuous variables versus categorization (96). We carefully reviewed the LOS and surgical
spine literature and decided it would be most appropriate to consider the outcome LOS
continuously. A summary of how various studies in the field have defined extended LOS can be
found in Appendix A.

2.5. Literature Review: Factors Associated with LOS After Elective Lumbar Spine Surgery

There is limited literature considering LOS as a primary outcome following various types of
elective spine surgeries. Based on a systematic literature search, we identified seven
retrospective cohort studies (90,95,97—101) on this topic that focus specifically on lumbar spine

surgery.

These studies have identified several modifiable and non-modifiable factors associated with
prolonged LOS in patients undergoing elective lumbar spine surgery. The results from this
systematic literature search, including the effect measures, are summarized in Appendix B and
presented below. There is inconsistency among the preoperative, operative, and postoperative
factors identified across studies. We developed a theoretical framework to assess the literature
(see Figure 1).
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Figure 1. Theoretical framework of prognostic factors found in the literature to be related to LOS after lumbar spine surgery.



2.5.1. Preoperative Factors

Several studies in lumbar fusion surgery have identified chronological age (92,95,97,102) and
American Society of Anesthesiology (ASA) class (92,95,97) as having a statistically significant
independent association with extended LOS. Other factors include morbid obesity (body mass
index (BMI) > 40) (92), hemoglobin levels, oxycodone use (94), ambulation (independent vs.
assisted), Oswestry Disability Index score (= 70), and diabetes (95). In one study, chronological
age was identified as having the largest adequately adjusted association with LOS out of three
preoperative variables reported to be associated, with each decade of age beyond 40 years adding
approximately 0.33 days to LOS (92). Preoperative variables that have been identified as not
having a significant association with extended LOS upon multivariable analysis include sex,
smoking history, alcohol history, diabetes, cardiac disease, and pulmonary disease (92).
Conversely, studies have also found baseline patient comorbidities to not be associated with
extended LOS and suggest that differences in surgeon preference/practice may be responsible for
the variations in LOS (6,89).

In lumbar laminectomy surgery, Basques et al. (98) identified increasing age, increasing
BMI, and ASA class > 3 to be associated with extended LOS using multivariable analysis. A
similar study (57) found that age, sex, race, comorbidity index, previous spine surgery, and
number of hospitalizations in the past year to be associated with LOS following lumbar
laminectomy surgery; however, no adjustments were made for potential confounders.

2.5.2. Operative Factors

There are several factors related to surgery that have been identified as having a statistically
significant association with LOS. Basques et al. (92) found that operative time, multilevel
procedure (with level referring to the vertebral level, and one-level constituting the
instrumentation of two vertebrae), and intraoperative transfusion were significantly associated
with extended LOS following elective posterior lumbar fusion surgery. Intraoperative transfusion
had the largest overall association with extended LOS. Contrary to findings from Basques et al.
(92), Gruskay et al. (97) found that the number of vertebral levels fused was not associated with
LOS. In another study, intraoperative fluid usage, fluid balance, intraoperative colloids,
crystalloid to colloid ratio, and mean percentage of fraction of inspired oxygen were identified as
having a statistically significant independent association with LOS after lumbar fusion surgery
(94). It should be noted that patients with a stay greater than 24 hours were considered in the
extended stay cohort. The average LOS for lumbar fusion is approximately four days (103);
therefore, the clinical significance of this cutoff should be questioned.

2.5.3. Postoperative Factors

Similar to intraoperative prognostic factors, postoperative characteristics are not as extensively
studied in the literature compared to preoperative factors. In one of the few articles to identify
postoperative factors, Siemionow et al. (94) found postoperative creatine and visual analogue
scale for pain to be significantly associated with LOS upon multiple regression analysis. Kanaan
et al. (2015) identified factors significantly associated with LOS and used them to develop a
structural equation model to predict LOS. The model separated the independent variables into
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three latent factors: presurgical, surgical, and postsurgical. The postsurgical factor was indicated
by walking distance, level of walking assistance, balance scores, and bed mobility and transfer
dependency scores. Compared to the presurgical and surgical factors, the postsurgical factor had
the strongest independent effect on LOS, explaining 19% of the variability.

2.6. Gaps and Limitations in the Literature

Many studies in the field suffer from methodological limitations. For example, the majority of
studies use stepwise regression techniques as selection tools for multivariable modelling as
opposed to more clinically driven selection methods. Stepwise regression tends to overestimate
effect sizes and overall model fit (104). Previous studies have also considered extended LOS as a
dichotomous variable and used data driven cut points to define what constitutes extended stay.
Importantly, research on this topic has not been done in the Nova Scotian population.
Postoperative care varies among individual surgeon practice and by hospital/region, as do the
clinical characteristics of the patient population (6). Thus, previous findings may not be
generalizable to the local institution and patient population (103). Factors that were supported by
little or no evidence but included in the theoretical framework for this thesis are postoperative
transfusion, postoperative hemoglobin, Charlson comorbidity index, smoking status,
preoperative neuroleptic use, and intraoperative analgesics. The rationale for including these
characteristics was for both clinical and exploratory reasons.
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Chapter 3: Thesis Research and Study Objectives

Lumbar spine disease poses a significant burden at both the individual and societal level, and the
high healthcare systems costs and postoperative outcomes (including extended LOS,
readmission, and adverse events) associated with surgery are of concern. Inpatient LOS is an
invaluable parameter for evaluating resource utilization and quality of care. More specifically,
studying the patient, clinical, and surgical characteristics associated with a longer LOS may
provide an opportunity for improved resource use and inpatient flow. Previous exploratory
studies have identified a host of factors to be associated with longer LOS following lumbar spine
surgery; however, research is limited and findings are inconsistent. With patient and regional
factors contributing significantly to a patient’s LOS, it is important that this research has not
been conducted at the local institution. Additionally, further research is required in order for
future confirmatory prognostic studies to be conducted and prediction models developed and
tested. Studying LOS following elective lumbar spine surgery and the factors that are associated
with longer LOS has valuable implications for the Orthopedic Spine division, patients, and future
research, which leads to the primary objective of the proposed research.

3.1. Objectives

1) The initial objective of this research is to describe the distribution of the demographic,
clinical, operative, and postoperative characteristics among patients undergoing elective
lumbar spine surgery for single- and two-level degenerative conditions at a Nova Scotian
quaternary care institution between October 2014 to October 2016.

2) The primary and analytic objective of this research is to describe how the demographic,
clinical, operative, and postoperative characteristics are independently associated with
LOS among the study population.
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Chapter 4: Methods

4.1. Study Design and Setting

This research builds off an interim analysis conducted by the author as part of an honours
research project at Dalhousie University within the Department of Kinesiology in the school of
Health and Human Performance (103). We used a retrospective cohort design and abstracted data
from patients’ electronic medical charts at a quaternary academic teaching hospital in Halifax,
Nova Scotia. Ethical approval was obtained from the Institutional Research Ethics Board
(Romeo No. 1022544).

4.2. Study Population

We used a purposeful sampling technique (i.e. non-probability sampling) called total population
sampling to select study participants. We included consecutive patients who underwent elective
lumbar spine surgery for degenerative conditions by one of two orthopedic spine surgeons
between October 2014 and October 2016. These two orthopedic spine surgeons perform
approximately 90% of all orthopedic spine surgeries for patients residing in Nova Scotia. Thus,
we believe our sample to be fairly representative of all patients undergoing surgery for a
degenerative lumbar spine disorder by an orthopedic spine surgeon at a Nova Scotian quaternary
care centre. See Appendix D for defined study populations used in previous literature in the field.
Previous studies have mainly focused on a specific spinal surgery (e.g. TLIF), whereas this
research will include multiple surgical groups, similar to McGirt et al. (95).

All patients who underwent elective lumbar spine surgery, including laminectomy, discectomy,
1-level TLIF, 2-level TLIF, and ALIF, for degenerative conditions of the lumbar spine were
assessed for inclusion. We included the first operation for patients who had more than one
surgery during the study window. Other reasons for exclusion were non-elective/non-lumbar
surgery, patients under the age of 18, surgery performed outside of the study window, and LOS
of 30 days or more.

4.3. Data Sources

We used International Classification of Diseases ninth revision billing codes for the surgeons’
caseloads between October 2014 to October 2016 to identify potentially eligible participants (see
Table 1 for a description of the specific billing codes used). After participants were identified,
we pulled their electronic medical charts (that are used for administrative purposes) and
abstracted the factors of interest. We entered data into Microsoft Excel version 15.41 (105) and
stored the data file on a secure Nova Scotia Health Authority network, protected by a password.
All variables were coded by the data abstractor using a data dictionary (Appendix C), except for
surgery group, surgical diagnosis, and intra- and post-operative complications, as these variables
require more advanced clinical knowledge. These variables were transcribed from the patients’
electronic record by the data abstractor and later coded by Surgeon 1. We used personal health
information in the most de-identifiable form possible by assigning each participant a unique
study ID and deleting personal identifiers, including health card number, date of birth, and
admission-, surgical-, and discharge-date, after the data were cleaned and coded.
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Table 1. International Classification of Diseases ninth revision codes used to identify patients.

Billing Description

Code

7244 Thoracic/lumbosacral
neuritis/radiculitis, unspecified

7245 Backache, unspecified

7242 Lumbago

7231 Cervicalgia (neck pain)

8069 Unspecified vertebral fracture with
cord injury

72981 Swelling of limb

7272 Specific bursitis often of occupational
origin

7295 Pain in limb

7273 Other bursitis

72402 Spinal stenosis lumbar region

We adhered to the methodologic considerations for conducting retrospective chart reviews by
Vassar and Holzmann (106). One reviewer performed the data abstraction in full. They carefully
trained and coded several patients for practice under supervision from another member of the
research team. The data abstraction form was developed and piloted a priori and organized in
accordance to the order in which data were presented in the medical record. This should have
helped to improve the reliability of the data and reduced errors in recording. All variables were
also operationalized ahead of time, including where in the medical chart the information is
located (see Appendix C).

4.4. Data Quality

Due to feasibility issues, we were not able to perform re-abstraction on 10% of the dataset and
compute a Cohen’s kappa coefficient as initially stated in the thesis proposal document. Rather,
we computed the percent agreement between two abstractors for four variables as a measure of
inter-rater reliability. Prior to the initiation of data abstraction for this study, another researcher at
the institution abstracted data on four overlapping variables for a separate study using an
overlapping study population (n = 763). These variables included operative time, operating
surgeon, revision surgery, and service date (from which LOS was computed). For the variable
operative time, a difference greater than five minutes was considered a disagreement.

We explored and quantified missingness in the data. Based on observations during data
abstraction, we anticipated that there may be issues with respect to missingness in comorbidity
data. For individual comorbidities used to calculate the Charlson comorbidity index score, we
assumed missing values as being without the condition (coded as zero). Underlying this decision
is the assumption that if a comorbid condition was present, it would be indicated in the
anesthesia record, the individual patient questionnaire, or the initial clinical consultation note
from the surgeon.



14

4.5. Independent Variables

Data were abstracted for 22 pre-, intra-, and post-operative variables that fit within the theoretical
framework of prognostic factors that we developed based on previous literature (see Figure 1).
The variables we abstracted data on are presented here in bold text, while the concepts from the
model under which the variables fit are presented subsequently in italics.

4.5.1. Preoperative

The preoperative variables we abstracted data on included sex, age, BMI (general
characteristics, characteristics of individual), revision surgery (individual health; previous
spine surgery), ASA class (individual health; overall health status), 19 comorbidities in order to
calculate Charlson comorbidity index score, including cerebrovascular disease, myocardial
infarction, congestive heart failure, peripheral vascular disease, chronic pulmonary
disease, ulcer disease, liver disease, diabetes, connective tissue disease, hemiplegia, renal
disease, AIDS, metastatic tumor, lymphoma, leukemia, non-metastatic tumor, and
dementia (individual health; overall health status, comorbidity), smoking status (individual
health; overall health status, lifestyle factors), Workers’ Compensation Board (WCB) claim
(general characteristics; social environment,; socioeconomic), hemoglobin level (individual
health; overall health status; comorbidity), narcotic use (type and dose), antidepressant use,
neuroleptic use (individual health;, medication use), and initial diagnosis.

ASA class is a global measure of physical status before surgery and ranges from one to five, with
a score of three indicating severe systemic disease (107). ASA class was recorded as an integer
but considered as a dichotomous variable (< 3 vs. > 3), which is the categorization that other
studies have used (92,95). The co-morbid conditions were considered as a single categorical
variable, represented by the Charlson comorbidity index score. To calculate the Charlson
comorbidity index, each comorbidity is assigned a weight from one to six based on risk of
mortality and severity of disease. The weights are then summed to provide a total score (see
Appendix E). The Charlson comorbidity index has been used extensively and been validated in a
number of clinical populations and settings (108,109).

4.5.2. Operative

The operative factors we abstracted data on included analgesics (type and dose), blood
transfusion, estimated blood loss (anaesthetic considerations), surgical case time, surgery
performed (invasiveness/severity), complications, and operating surgeon. Length of surgery is
generally associated with more complex cases and may be caused by intraoperative
complications that can lead to a greater volume of blood loss, increased fluid infusion, and lower
end case temperature (92,94).

4.5.3. Postoperative

The two postoperative factors we abstracted data on were hemoglobin level and transfusion
(other). We did not abstract data on postoperative complications due to feasibility and because of
the anticipated close relationship with the outcome variable (97). Refer to Appendix C for a
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complete description of the variables, how they were coded, and where they are located within
the electronic medical record.

4.6. Outcome Measure

The outcome variable was postoperative LOS, calculated from the date of surgery to the date of
discharge (yyyy-mm-dd), with no accommodation for partial days. LOS was considered as a
continuous variable in order to quantify the magnitude of effect of each risk factor on LOS using
multivariable modelling and to optimize study power. Patients with a LOS of 30 days or more
were excluded from the analysis as their LOS is likely to encompass alternate level of care days
that are due to reasons unrelated to surgery (e.g. awaiting a long-term care bed or a concurrent
musculoskeletal disorder impacting mobility allowing for safe home discharge, etc.) (110).

4.7. Statistical Analysis Plan

We used StatalC version 15.1 (111) to perform all analyses. Statistical significance was
considered at the 0.05 level. As a post-hoc addition we interpreted a risk ratio (RR) of < 1.5 to be
weak, 1.5-3 to be moderate, and > 3 to be strong.

4.7.1. Objective 1: Descriptive

We used descriptive statistics to summarize the clinical characteristics of the patient population.
For categorical variables we used count and percent frequency, and for continuous variables we
used mean, 95% confidence interval (CI), and range. We also described the LOS for each
independent variable, including median, interquartile range (IQR), mean, and range. To
determine the distribution of the outcome variable LOS, we used exploratory analyses. In
addition to describing the population as a whole, post-hoc we stratified by surgery group for 1-
level TLIF, laminectomy, and discectomy (there were insufficient sample sizes to include 2-level
TLIF and ALIF).

4.7.2. Objective 2: Analytic (Associations with Length of Stay)

We assessed the relationship between LOS and each prognostic factor under bivariate analyses
using simple Poisson regression. We developed a multivariable regression model to identify
prognostic factors that are independently associated with LOS for lumbar spine surgery for
degenerative conditions. We stratified by surgery group for 1-level TLIF, laminectomy, and
discectomy in order to explore heterogeneity within the study population. We used multiple
quasi-Poisson regression to handle the outcome values of zero (i.e. patients who were discharged
on the same day as surgery and had a LOS of zero days).

We explored multicollinearity between variables thought to be measuring similar concepts. As
per the theoretical framework presented in Figure 1, we explored multicollinearity for the
following variables: Charlson comorbidity index score and ASA class, surgical procedure and
operative time, and intraoperative complications and operative time. We intended to explore
multicollinearity for intraoperative and postoperative blood transfusion, and preoperative
hemoglobin and transfusion; however, we were unable to do so because of insufficient power
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(cell sizes <5). We assessed multicollinearity by computing a bivariate correlation and variance
inflation factor (VIF) and using a sensitivity analysis to examine how coefficients change. We
used a correlation coefficient > 0.7, VIF > 10, and a change in beta coefficients > 20% as
indicators of potential multicollinearity issues. When potential multicollinearity was present, we
selected the variable we thought best captured the concept being measured.

The guiding principles we used for selection of variables for inclusion in the multivariable model
included the following:

1) Clinical utility (e.g. can the factor be easily abstracted from the patients’ medical
record and is it modifiable?).

2) Previous literature (e.g. has it shown a statistically significant association with LOS in
previous literature?).

3) Results from statistical exploration of multicollinearity, which were decided a priori
and based on the conceptual model and clinical knowledge.

4.7.3 Sensitivity Analysis

Post-hoc we performed a sensitivity analysis excluding patients with a diagnosis of degenerative
scoliosis to determine if there was heterogeneity within these patients that impacted the results.
While these patients were coded as having a degenerative lumbar spine condition (not a major
deformity), scoliotic patients could differ in terms of how various factors impact LOS compared
to other conditions included within the study population. Spinal surgery for this patient
population can be more heterogenous compared to other degenerative lumbar spine pathologies.
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Chapter 5: Results

5.1. Study Population

Application of the diagnostic billing codes in Table 2 to both surgeons individually resulted in
423 encounters for Surgeon 1 and 421 encounters for Surgeon 2 (Total n = 844). Duplicates were
removed for 74 surgeries that both surgeons operated on together. Seven surgeries were excluded
for billing code errors observed on full chart review (e.g. spine billing code applied to ankle
surgery). Full data were abstracted on 763 spinal surgery patients. The following exclusion
criteria were then applied in sequence: date range (October 2014 to October 2016), initial
diagnosis (non-degenerative non-lumbar spine pathology), surgery performed (non-elective non-
lumbar spine surgery), age < 18 years, duplicate patients (patients who underwent more than one
surgery within the study window), and LOS > 30 days. A total of 473 individual patients who
underwent elective lumbar spine surgery met inclusion criteria and were included in the final
study sample. See Figure 2 for a flow diagram of the study population selection process.

5.2. Objective 1: Descriptive

The average age of patients in the entire cohort was 59.6 years (95% CI: [58.3, 61]), and 48.4%
were female. Nearly half (46%) of patients were classified as obese (BMI > 30 kg/m>2), 17% had
a normal BMI (18.5-24.9 kg/m2), and 37% were overweight (BMI = 25-29.9 kg/m2). The
majority of patients (94.1%) had a Charlson comorbidity index score below three: 62.8% had a
score of zero, 21.6% had a score of one, and 9.7% had a score of two. In terms of preoperative
medication use, 34.5% of patients were taking antidepressants, 28.3% were taking narcotics, and
35% were taking neuroleptics. The median LOS for the patient population was 3.0 days (IQR =
1-4), with a range of 0-25 days. LOS was right skewed: 91 patients (19%) stayed zero days in
hospital, while 56 patients (11.8%) stayed one week or longer. A summary of the clinical
characteristics of the patient population, both overall and stratified by surgery group, can be
found in Table 2. Figure 3 displays the distribution of LOS for the entire patient sample and
Figures 4-6 provide the distribution of LOS stratified by surgery group. LOS (including median,
IQR, mean, and range) for each study variable can be found in Appendix F.

5.2.1. 1-level TLIF

A total of 189 patients (40% of the entire study population) underwent a 1-level TLIF. The
average age for these patients was 63.5 years (95% CI: [61.7, 65.3]), and 57% (n = 108) were
female. Approximately half of 1-level TLIF patients had a BMI in the obese range, one-third in
the overweight range, and 16% in the normal range. Ninety-one percent of 1-level TLIF patients
had a Charlson comorbidity index score below three and 28% of procedures were revisions. The
median LOS for patients undergoing a 1-level TLIF was 4.0 days (IQR = 3-6).

5.2.2. Discectomy

A total of 124 patients (26% of the entire study population) underwent a discectomy. These
patients were younger compared to the other surgery groups, with an average age of 45.6 years
(95% CI: [43.1, 48.1]). Approximately half of all discectomy patients (n = 64) were female.
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Thirty-eight percent of discectomy patients had a BMI in the obese range, 41% in the overweight
range, and 21% in the normal range. All discectomy patients had a Charlson comorbidity index
score below three and a small proportion (9%) of procedures were revisions. The median LOS
for patients undergoing a discectomy was 0 days (IQR = 0-1).

5.2.3. Laminectomy

A total of 90 patients (19% of the entire study population) underwent a laminectomy. The
average age for these patients was 67.1 years (95% CI: [64.7, 69.5]), and 27% (n = 24) were
female. Approximately half of all laminectomy patients had a BMI in the obese range, 36% in
the overweight range, and 13% in the normal range. Nearly all laminectomy patients (94%) had a
Charlson comorbidity index score below three and 18% of procedures were revisions. The
median LOS for patients undergoing a laminectomy was 2.0 days (IQR = 1-4).

Blood loss was not reported due to substantial missingness (n = 310; 66%) and poor clinical
utility of the estimate itself (i.e. not meeting principle one for model selection). It is well
established in the literature that visual estimation of intraoperative blood loss (while the most
commonly used method) is inaccurate (112,113). Postoperative hemoglobin was also not
reported on due to substantial missingness (n = 159; 34%) and inconsistency in the date it was
measured among patients. Intraoperative complications were grouped into dural tear (i.e. minor
complication) vs. major complication due to the small number of major complications. Major
complications that occurred intraoperatively in the study cohort were vascular injury, neural
injury to the nerve root, massive blood loss, and implant/instrument related complication.
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Table 2. Clinical characteristics of the patient population, overall and stratified by surgery

group.
Variables Total sample 1-level TLIF Discectomy Laminectomy
N =473 (%) N =189 (%) N =124 (%) N =90 (%)
LOS (days) 3(1-4) 4 (3-6) 0 (0-1) 2 (1-4)
*Median (IOR), range 0-25 1-25 0-12 0-21
Preoperative
Sex
Male 229 (48.4) 81 (42.9) 60 (48.4) 66 (73.3)
Female 244 (51.6) 108 (57.1) 64 (51.6) 24 (26.7)
Age (years) 59.6 (58.3, 61) 63.5(61.7,65.3) | 45.6(43.1,48.1) | 67.1 (64.7, 69.5)
*Mean (95% CI), range 18.4-87.9 18.4-87.9 20.1-80.9 38.1-86.0
BMI (kg/m2)
Normal (18.5-24.9) 81 (17.1) 30 (15.9) 26 (21.0) 12 (13.3)
Overweight (25-29.9) 173 (36.6) 64 (33.9) 51 (41.0) 32 (35.6)
Obese (=30) 219 (46.3) 95 (50.2) 47 (38.0) 46 (51.1)
ASA classification
1-2 355 (75.0) 124 (65.6) 114 (91.9) 63 (70.0)
3-4 118 (25.0) 65 (344 10 (8.1) 27 (30.0)
Revision surgery
Yes 98 (20.7) 52 (27.5) 11 (8.9) 16 (17.8)
No 375(79.3) 137 (72.5) 113 (91.1) 74 (82.2)
Smoking status
Yes 136 (28.8) 51 (27.0) 50 (40.3) 20 (22.2)
No 337(71.2) 138 (73.0) 74 (59.7) 70 (77.8)
CClI score
0-2 445 (94.1) 172 (91.0) 124 (100) 85 (94.4)
>3 28 (5.9) 17 (9.0) 0 5(5.6)
Hemoglobin (g/L)
<130 129 (27.2) 60 (31.7) 18 (14.5) 21(23.3)
>130 314 (66.3) 124 (65.6) 83 (66.9) 68 (75.6)
Missing 31 (6.5) 52.7) 23 (18.6) 1(1.1)
Preoperative narcotic use
Yes 134 (28.3) 59 (31.2) 36 (29.0) 20 (22.2)
No 335 (70.8) 130 (68.8) 84 (67.8) 70 (77.8)
Missing 4 (0.9) 0 432 0
Preoperative neuroleptic use
Yes 166 (35.1) 69 (36.5) 50 (40.3) 27 (30.0)
No 303 (64.0) 120 (63.5) 71 (57.3) 62 (68.9)
Missing 4 (0.9) 0 324 1 (1.1)
Preoperative antidepressant use
Yes 163 (34.4) 74 (39.2) 37 (29.9) 20 (22.2)
No 305 (64.5) 114 (60.3) 83 (66.9) 70 (77.8)
Missing 5(1.1) 1(0.5) 432 0
WCB insurance status
WCB claim 26 (5.5) 10 (5.3) 10 (8.1) 5(5.6)
No claim 437 (92.4) 174 (92.1) 112 (90.3) 83 (92.2)
Missing 10 (2.1) 5(2.6) 2 (1.6) 2(2.2)
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Variables Total sample 1-level TLIF Discectomy Laminectomy
N =473 (%) N =189 (%) N =124 (%) N =90 (%)
Initial diagnosis
Degenerative spondylolisthesis 132 (27.9) 91 (48.1) 0 11 (12.2)
Isthmic spondylolisthesis 46 (9.7) 29 (15.3) *5(4.0) *5(5.6)
Disc herniation 139 (29.4) 10 (5.3) 114 (92.0) 9 (10.0)
Spinal stenosis 93 (19.7) 22 (11.6) *5 (4.0 60 (66.7)
Scoliosis 15 (3.2) 5(2.6) 0 0
Hardware failure fixation in bone *5 (1.1 *5(2.6) 0 0
Adjacent segment disease 32 (6.8) 20 (10.6) 0 *5(5.6)
Non/mal-union 11 (2.3) 73.7 0 0
Operative
Surgery group
Laminectomy 90 (19.0) - - -
Discectomy 124 (26.2) - - -
1-level TLIF 189 (40.0) - - -
2-level TLIF 50 (10.6) - - -
ALIF 20 (4.2) - - -
Intraoperative analgesics
Hydromorphone (long acting) 308 (65.1) 133 (70.4) 79 (63.7) 52 (57.8)
Dose (mg) 0.96 (0.89, 1.0) 1.03 (0.91,1.2) | 0.85(0.73,0.97) | 0.84 (0.72,0.95)
*Mean (95% CI), range 0.2-6 0.4-6 0.2-3.6 0.4-2
Morphine (long acting) 32 (6.8) 11 (5.8) 7(5.7) *5 (5.6)
Dose (mg) 7.9(5.7,10.1) 7.1 (3.7, 10.5) 7.3 (1.7, 12.9) 9.7 (-1.5,20.9)
*Mean (95% CI), range 2-25 2-20 3-20 5-14
Fentanyl/remifentanil (short acting) 119 (25.2) 39 (20.6) 35(28.2) 28 (31.1)
Missing 14 (3.0) 6(3.2) 324 5(5.6)
Operative time (min) 111.0 (106.1, 126.2 (120.5, | 85.3(78.5,92.0) | 79.5(73.2, 85.8)
*Mean (95% CI), range 115.8) 131.8) 36-414 34-171
34-459 61-431
Operating surgeon
Surgeon 1 234 (49.5) 78 (41.3) 97 (78.2) 39 (43.3)
Surgeon 2 227 (48.0) 106 (56.1) 22 (17.8) 46 (51.1)
Both 12 (2.5) *5(2.6) *5 (4.0) *5 (5.6)
Intraoperative transfusion
Yes *5(1.1) *5(2.6) 0 0
No 451 (95.3) 176 (93.1) 121 (97.6) 84 (93.3)
Missing 17 (3.6) 8(4.3) 324 6(6.7)
Intraoperative complications
Dural tear (minor) 25(5.3) 6(3.2) 7(5.7) 5(5.6)
Major 6(1.3) *5(2.6) *5 (4.0 *5 (5.6)
None 442 (93.4) 178 (94.2) 112 (90.3) 80 (88.8)
Postoperative
Postoperative blood transfusion
Yes 8 (1.7) *5(2.6) 0 *5(5.6)
No 452 (95.6) 182 (96.3) 116 (93.6) 84 (93.3)
Missing 13 (2.8) 2 (1.1) 8 (6.4) 1(1.1)

*Cell sizes <5 were suppressed to minimize the risk of patient identification.
LOS = length of stay, IQR = interquartile range, CI = confidence interval, BMI = body mass index, ASA = American
Society of Anesthesiology, CCI = Charlson comorbidity index, WCB = Workers’ Compensation Board, TLIF =

transforaminal lumbar interbody fusion, ALIF = anterior lumbar interbody fusion.
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Figure 3. Histogram showing the distribution of LOS for the entire sample (note that LOS was
combined between 10-12 days (*), 14-15 days (1), and 16+ days (}) due to cell sizes < 5).
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Figure 4. Histogram showing the distribution of LOS for I-level TLIF patients (note that LOS
was combined for 10+ days (*) due to cell sizes < 5).
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Figure 5. Histogram showing the distribution of LOS for discectomy patients (note that LOS was
combined for 3-4 days (*) and 5+ days (7) due to cell sizes < 5).
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Figure 6. Histogram showing the distribution of LOS for laminectomy patients (note that LOS
was combined for 5-6 days (*) and 7+ (7) days due to cell sizes < 5).
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5.3. Objective 2: Associations with Length of Stay

Results from bivariate analyses of each independent variable with LOS are presented in Table 3.
Several variables showed a statistically significant association with LOS. Significant
preoperative variables included age, BMI, ASA class, smoking status, Charlson comorbidity
index score > 3, revision surgery, hemoglobin level, antidepressant use, and WCB claim.
Significant operative variables were surgery group, intraoperative analgesics, operative time, and
operating Surgeon 1. Postoperative transfusion also showed a statistically significant association
with LOS. Both smoking status (RR = 0.69, 95% CI: [0.58, 0.82]) and WCB claim (RR = 0.63,
95% CI: [0.44, 0.92]) showed a slight negative association with LOS.

Factors that were not found to be statistically significantly associated with LOS upon bivariate
analyses were female sex, preoperative narcotic use, preoperative neuroleptic use, both surgeons
operating vs. only Surgeon 2, and intraoperative complications (dural tear or major complication
VS. none).

5.3.1. Primary Findings: Multivariable Regression Analysis

We built a multivariable Poisson regression to look at the independent association of several
factors with LOS. Results from the multivariable regression are summarized in Table 3. A total
of 407 patients with full data were included in the model. Several of the variables from the
bivariate analyses were no longer statistically significant in the multivariable analysis. After
controlling for several factors, preoperative variables that were statistically significantly
associated with longer LOS were age (RR = 1.02, 95% CI: [1.01, 1.03]), BMI (RR =1.02, 95%
CI: [1.01, 1.03]), and antidepressant use (RR = 1.16, 95% CI: [1.0, 1.35]). In terms of operative
variables, compared to patients that underwent a discectomy, those who had a laminectomy
stayed 1.8 times as long (95% CI: [1.16, 2.90]), 1-level TLIF stayed 2.8 times as long (95% CI:
[1.76, 4.3]), 2-level TLIF stayed 2.6 times as long (95% CI: [1.61, 4.24]), and ALIF stayed 3.5
times as long (95% CI: [2.07, 5.84]). Patients that received long-acting analgesics
(hydromorphone/morphine) intraoperatively stayed significantly longer compared to patients
who received short acting analgesics (fentanyl/remifentanil) (RR = 1.35, 95% CI: [1.16, 1.58]).
Operating surgeon was also significantly associated with LOS (Surgeon 1 vs. Surgeon 2 (RR =
0.86, 95% CI: [0.75, 0.98]); both Surgeons vs. Surgeon 2 (RR =0.55, 95% CI: [0.36, 0.82])). As
for postoperative factors, receiving a blood transfusion postoperatively was associated with a
longer LOS (RR =2.2, 95% CI: [1.62, 2.99]).

Factors that were not statistically significantly associated with LOS upon multivariable analysis
were Charlson comorbidity index score = 3 (RR =1.26, 95% CI: [0.99, 1.61]), intraoperative
dural tear (RR = 1.33, 95% CI: [0.9, 1.97]), major intraoperative complication (RR = 1.38, 95%
CI: [0.82, 2.31]), female sex (RR = 1.0, 95% CI: [0.85, 1.18]), ASA class = 3 (RR = 1.0, 95%
CI: [0.86, 1.16]), revision surgery (RR =1.15, 95% CI: [0.99, 1.33]), preoperative hemoglobin
level (RR = 1.0, 95% CI: [0.99, 1.0]), preoperative narcotic use (RR = 1.08, 95% CI: [0.93,
1.25]), preoperative neuroleptic use (RR = 1.04, 95% CI: [0.9, 1.19]), WCB claim (RR = 1.02,
95% CI: [0.76, 1.36]), and smoking status (RR = 0.92, 95% CI: [0.80, 1.07]).
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5.3.2. Secondary Findings: Stratified Surgical Models

To further explore the effect of surgery group on LOS, we performed stratified multivariable
analyses for 1-level TLIF, discectomy, and laminectomy patients. The model for 1-level TLIFs
included 171 patients with full data (9.5% were dropped due to missingness), discectomies
included 89 patients with full data (28.2% were dropped due to missingness), and laminectomies
included 81 patients with full data (10% were dropped due to missingness).

5.3.2.1. 1-level TLIF

In 1-level TLIF patients, both age (RR = 1.01, 95% CI: [1.0, 1.02]) and BMI (RR =1.01, 95%
CI: [1.0, 1.02]) remained statistically significantly associated with LOS. Charlson comorbidity
index score > 3 (RR = 1.38, 95% CI: [1.04, 1.84]) and preoperative narcotic use (RR = 1.24,
95% CI: [1.04, 1.47]) also had significant associations with LOS, which were not observed in the
full population. Operating surgeon and preoperative antidepressant use no longer displayed
statistical significance. Receiving long-acting analgesics intraoperatively compared to short-
acting analgesics (RR = 1.26, 95% CI: [1.03, 1.54]), as well as receiving a blood transfusion
postoperatively (RR =2.95, 95% CI: [1.96, 4.42]), remained significantly associated with a
longer LOS. Factors that were not found to be statistically significantly associated with LOS
among 1-level TLIF patients were sex, ASA class > 3, revision surgery, smoking status,
preoperative hemoglobin level, preoperative neuroleptic use, preoperative antidepressant use,
WCB claim, operating surgeon, intraoperative dural tear, and major complication.

5.3.2.2. Discectomy

In patients undergoing a discectomy, there were only two variables that had statistically
significant associations with LOS: age (RR = 1.05, 95% CI: [1.01, 1.09]) and long- vs. short-
acting intraoperative analgesics (RR = 5.36, 95% CI: [1.92, 14.96]). The statistically significant
effects of BMI and preoperative antidepressants that were observed in the full population were
not observed in discectomy patients. Factors that were not found to be statistically significantly
associated with LOS among discectomy patients were female sex, BMI, ASA class > 3, revision
surgery, smoking status, preoperative hemoglobin level, preop narcotic use, preoperative
neuroleptic use, preoperative antidepressant use, WCB claim, and intraoperative dural tear. No
patients received a blood transfusion following discectomy surgery, and major intraoperative
complication and operating surgeon were supressed due to small sample size.

5.3.2.3. Laminectomy

In patients undergoing a laminectomy, both age (RR = 1.04, 95% CI: [1.02, 1.07]) and BMI (RR
=1.05, 95% CI: [1.02, 1.08]) remained statistically significant, as did intraoperative analgesics
(long-acting vs. short-acting) (RR = 1.46, 95% CI: [1.07, 2.01]) and postoperative blood
transfusion (RR = 2.15, 95% CI: [1.30, 3.57]). WCB claim (RR = 2.16, 95% CI: [1.31, 3.54])
showed a statistically significant association with LOS, which was not observed in the full
population or the other stratified models. Similarly, intraoperative dural tear (RR =2.99, 95% CI:
[1.95, 4.58]) was significantly associated with longer LOS, which was not observed in other
models. Factors that were not found to be statistically significantly associated with LOS among
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laminectomy patients were female sex, ASA class > 3, revision surgery, smoking status,
preoperative hemoglobin level, preoperative narcotic use, preoperative neuroleptic use,
preoperative antidepressant use, operating surgeon, and major complication.

5.4. Multicollinearity

Our results did not suggest potential multicollinearity between ASA class and Charlson
comorbidity index score. The bivariate correlation coefficient was below 0.7 (R2=0.23) and the
VIF was below 10 (mean VIF = 1.89). To further test potential collinearity, we removed
Charlson comorbidity index score form the multivariable model and examined how the beta
coefficient for ASA class changed. After removing Charlson comorbidity index score from the
model, the coefficient for ASA class did not change significantly (2.5% increase), thus both
variables were kept in the model.

Our results did not suggest major issues of multicollinearity between operative time and surgery
group (R2=0.32, mean VIF = 1.15), or operative time and intraoperative complications (R2=
0.026, mean VIF = 1.0). To further explore potential collinearity between operative time and
surgery group, we removed operative time from the multivariable model and examined how the
beta coefficients for surgery group changed. After removing operative time from the model, the
coefficients for surgery group increased (1-level TLIF increased by 9.8%, 2-level TLIF by
17.2%, laminectomy by 0.6%, and ALIF by 9.8%), though not meaningfully (< 20%). Despite no
statistically significant signs of multicollinearity between these variables, we decided not to
include operative time in the final multivariable model, as we believed any major differences in
operative time to be adequately captured by surgery group and intraoperative complication.

Other variables that were not included in the final multivariable model were the following:
intraoperative transfusion, intraoperative analgesic dose, initial diagnosis, and narcotic dose.
Intraoperative transfusion did not have sufficient power to include (n <5), and we felt
intraoperative analgesic dose was of secondary importance to the type of analgesia (short acting
vs. long acting). It was decided a priori that surgery group would be included rather than initial
diagnosis. Clinical diagnosis does not necessarily dictate type of surgery, and the surgical
procedure performed is more likely to impact LOS than diagnosis. Preoperative narcotic dose
was not included as we felt it was of secondary importance to whether or not the patient was
prescribed narcotics at all, and it was not feasible at the time to convert the doses to equivalent
units.

5.5. Sensitivity Analysis

A total of 15 patients had an initial diagnosis of degenerative scoliosis. Our final multivariable
model included 14 of the 15 scoliotic patients (one patient was dropped due to missing data).
When we excluded patients with a diagnosis of degenerative scoliosis and re-ran the
multivariable analysis, all coefficients changed less than 12.7%.



Table 3. Univariable and multivariable analysis, overall and stratified by surgery group.
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Variables

Bivariate

Multivariable

Full population

1-level TLIF

Discectomy

Laminectomy

RR [95% CI]

RR [95% CI]

RR [95% CI|

RR [95% CI|

RR [95% CI|

Preoperative

Sex (female)

1.09 [0.92, 1.3]

1.0 [0.85, 1.18]

1.18 [0.97, 1.42]

0.45 [0.19, 1.07]

0.81[0.55, 1.19]

Age (years)

*1.03 [1.02, 1.04]

*1.02 [1.01, 1.03]

*1.01 [1.0, 1.02]

*1.05 [1.01, 1.09]

*1.04 [1.02, 1.07]

BMI (kg/m2)

*1.02[1.11, 2.31]

*1.02 [1.01, 1.03]

*1.01 [1.0, 1.02]

0.98 [0.91, 1.06]

*1.05 [1.02, 1.08]

ASA class >3

*1.64 [1.37, 1.95]

1.0 [0.86, 1.16]

1.06 [0.88, 1.27]

0.42[0.12, 1.42]

1.16 [0.78, 1.72]

Revision surgery

*1.48 [1.24, 1.75]

1.15[0.99, 1.33]

1.03 [0.88, 1.21]

2.05[0.89, 4.74]

1.29[0.97, 1.71]

Smoking status

*0.69 [0.58, 0.82]

0.92 [0.80, 1.07]

0.90 [0.76, 1.07]

1.28 [0.51, 3.20]

0.8210.54, 1.23]

CClI score > 3

*2.07 [1.50, 2.86]

1.26 [0.99, 1.61]

*1.38 [1.04, 1.84]

T

1.06 [0.59, 1.90]

Preoperative hemoglobin
(L)

%0.98 [0.98, 0.99]

1.0[0.99, 1.0]

1.0[1.0, 1.01]

0.98[0.95, 1.0]

1.0 [0.99, 1.01]

Preoperative narcotic use

1.11[0.92,1.33]

1.08 [0.93, 1.25]

*1.24 [1.04, 1.47]

1.14 [0.61, 2.14]

0.90[0.62, 1.32]

Preoperative neuroleptic
use

1.05 [0.88, 1.26]

1.04[0.9, 1.19]

1.05 [0.90, 1.22]

1.09[0.41,2.91]

1.01 [0.74, 1.38]

Preoperative *1.2411.05,1.47] | *1.16[1.0,1.35] 1.10[0.95, 1.28] 1.58[0.71, 3.52] 1.2910.90, 1.85]
antidepressant use
WCB claim *0.6310.44,0.92] | 1.02]0.76, 1.36] 0.88 [0.63, 1.22] 0.20[0.01, 3.36] *2.16 [1.31, 3.54]
Operative
Surgery group
Discectomy Ref Ref Ref Ref Ref
Laminectomy *3.18[2.06,4.93] | *1.83[1.16,2.90] - - -

1-level TLIF

*5.07 [3.42, 7.53]

*2.75[1.76, 4.3]

2-level TLIF

%571 [3.75, 8.68]

*2.62 [1.61, 4.24]

ALIF *4.94[3.09,7.9] | *3.47[2.07,5.84] - - -
Intraoperative analgesics
Hydromorphone/ *1.37[1.12,1.68] | *1.35[1.16, 1.58] | *1.26 [1.03, 1.54] | *5.36[1.92,14.96] | *1.46[1.07,2.01]

morphine (long acting)

Fentanyl/remifentanil
(short acting)

Ref

Ref

Ref

Ref

Ref

Operative time (min)

*1.0[1.0, 1.01]

Operating surgeon

Surgeon 1 *0.61[0.52,0.73] | *0.86[0.75,0.98] | 0.91][0.78, 1.06] 0.5310.25,1.15] 0.75[0.53, 1.05]
Surgeon 2 Ref Ref Ref Ref Ref
Both 0.81[0.52,1.27] | *0.55[0.36,0.82] | 0.90[0.58, 1.38] T 1.51[0.26, 0.59]
Intraoperative
complications
Dural tear (minor) 1.310.90, 1.91] 1.33 0.9, 1.97] 0.83 [0.54, 1.27] 1.11[0.40, 3.08] *2.99 [1.95, 4.58]
Major 1.8210.92, 3.61] 1.38 [0.82, 2.31] 1.25710.99, 1.59] T 1.51]0.87,2.61]
None Ref Ref Ref Ref Ref
Postoperative
Postoperative blood *3.27[2.13,5.01] | *2.2[1.62,2.99] | *2.95[1.96, 4.42] + *2.151.30, 3.57]
transfusion

* Indicates statistical significance (P < 0.05).

1 Categories suppressed due to small sample size.

RR =risk ratio, CI = confidence interval, Ref = reference group, BMI = body mass index, ASA = American Society of
Anesthesiology, CCI = Charlson comorbidity index, WCB = Workers’ Compensation Board, TLIF = transforaminal lumbar
interbody fusion, ALIF = anterior lumbar interbody fusion.
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5.6. Data Quality

We calculated the percent agreement for four corresponding variables from another study at the
institution that used an overlapping study population. Data for the variable revision surgery was
abstracted in duplicate for 357 patients and the percent agreement between abstractors was
96.6%. Data for the variable surgical date (of which the outcome variable LOS was calculated)
was abstracted in duplicate on 363 patients and the percent agreement between abstractors was
98.6%. Data for the variable operating surgeon was abstracted in duplicate on 309 patients and
the percent agreement between abstractors was 99%. Data for the variable operative time was
abstracted in duplicate on 362 patients and the percent agreement between abstractors was
95.3%.

Overall, missingness was not an issue in our data (see Table 2). Missingness was less than 5%
for all variables except preoperative hemoglobin (6.5%) and Charlson comorbidity index score
(6.3%). The biggest anticipated concern for missingness was with regard to comorbidity data.
Missing data were imputed as zero (i.e. without the condition) for 29 patients with missing
comorbidity data. The breakdown of this missingness can be found in Appendix G.
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Chapter 6: Discussion/Conclusion

6.1. Objective 1: Descriptive

Half of all patients underwent TLIF (40% 1-level and 10.6% 2-level), while 26.2% underwent
discectomy, and 19% laminectomy. In terms of individual health, a substantial proportion of the
study population were taking medication preoperatively, including antidepressants (34.5%),
neuroleptics (35%), and narcotics (28%), and 28.8% were smokers.

The median LOS for patients undergoing elective lumbar spine surgery for degenerative
conditions was 3.0 days (IQR = 1-4). Only one other study in the literature reported on multiple
surgical procedures combined (95). This study included 6,921 patients undergoing elective one-
to three-level lumbar spine surgery for degenerative conditions for the first time, and just over
4% of the sample had a LOS > 7 days (i.e. ‘extended’ LOS). In our study cohort, approximately
12% of patients stayed seven days or longer.

The median LOS for 1-level TLIF patients was 4.0 days (IQR = 3-6). This is slightly higher, but
comparable to previous estimates. A study evaluating LOS in 103 patients who underwent
elective, open, one- to three-level posterior lumbar fusion surgery reported a mean LOS of 3.6
days (SD = 1.8) (73). Interestingly, this estimate included two- and three-level fusions and is still
shorter than the mean LOS in our sample of 1-level TLIFs (n = 189).

The median LOS for discectomy patients was 0 days (IQR = 0-1), and one-third of discectomy
patients stayed one or more days in hospital postoperatively. The proportion of these patients
with a ‘long’ LOS (as defined by a discharge after postoperative day zero according to Khechen
et al. (114)) is considerably greater than previous estimates. In a recent study investigating risk
factors for a long LOS after minimally invasive lumbar discectomy, 9.7% of patients (n = 17)
stayed one or more days in hospital (114).

The median LOS for laminectomy patients was 2.0 days (IQR = 1-4). This is comparable to
previous estimates. A study evaluating LOS in 2,358 patients undergoing lumbar laminectomy
for spinal stenosis reported a mean LOS of 2.1 days (SD = 2.6 days) (67), and the Mayfield
Clinic reports that laminectomy patients can expect to stay one to two days in hospital (66).

The result that approximately one-third of the study population was taking antidepressants is
suggestive of an association between degenerative spine conditions (i.e. LBP) and clinical
depression. This association has been established in the literature (115). These results are similar,
though slightly higher, than some other estimates reported in the literature. For example, in a
study looking at antidepressant use in 142 patients undergoing elective lumbar fusion surgery,
29% of patients were using antidepressants preoperatively (116). The proportion of patients
taking narcotics preoperatively is actually lower than other estimates in spinal surgery. For
example, a study on the long-term use of opioids after lumbar fusion surgery found that 15.9% of
patients (n = 1331) did not use opioids prior to surgery (117).
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6.2. Objective 2: Associations with Length of Stay

Factors that were statistically significantly associated with LOS following elective lumbar spine
surgery for degenerative conditions in our adjusted model were age, BMI, preoperative
antidepressant use, surgery group, long-acting intraoperative analgesics, operating surgeon, and
postoperative blood transfusion. Surgery group had the strongest association with LOS, followed
by postoperative blood transfusion, long-acting intraoperative analgesics, and intraoperative
complications.

The statistical significance and magnitude of effect varied considerably for several factors upon
stratification by 1-level TLIF, laminectomy, and discectomy, compared to the full population.
This indicates underlying effect modification by surgery group. It is important to note that the
sample sizes for the stratified surgical models are underpowered, thus we cannot draw definitive
conclusions from them.

6.2.1. Individual Characteristics

Increasing age and BMI were statistically significantly associated with LOS after adjustment for
other variables; however, their effect sizes were small (RR = 1.02, 95% CI: [1.01, 1.03] for
both). These findings are not surprising as older age is often associated with greater
comorbidities and a potentially greater postoperative complication rate (100). Obesity may be
associated with higher rates of postoperative complications (118), particularly related to wound
care and infection (119). Obesity may also interfere with rehabilitation protocols, leading to
increased LOS. Other studies have consistently reported statically significant positive
associations for both age (67,73,76,95,102) and BMI (67,76) with LOS after elective lumbar
spine surgery.

6.2.2. Overall Health Status

Contrary to previous literature, having an ASA score of > 3 (three indicates severe systemic
disease) was not independently associated with a longer LOS, compared to an ASA score of one
to two (healthy or mild systemic disease) (RR = 1.0, 95% CI: [0.86, 1.16]). The ASA Physical
Status Classification System is used to assess patients’ medical comorbidities prior to anesthesia
(120). Based on results from previous literature in the field, we anticipated that ASA class would
be a statistically significant independent predictor of longer LOS. Patients with severe systemic
disease may be more likely to have perioperative complications that lead to a longer LOS.
Several studies evaluating LOS after lumbar spine surgery found that patients with an ASA class
> 3 had a statistically significantly longer LOS, after controlling for other variables
(67,73,76,95). The Charlson comorbidity index was also not statistically significantly associated
with LOS; however, the effect size was larger compared to ASA (though still not considered a
moderate sized effect). Compared to patients with a Charlson comorbidity index score of zero to
two, patients with a Charlson comorbidity index score = 3 stayed in hospital 1.26 times as long.
Previous studies evaluating LOS after lumbar spine surgery have investigated individual
comorbidities rather than a single index of comorbid status, and both diabetes (95,114) and heart
disease (73) have been identified as independent risk factors for increased LOS. A study
assessing the usefulness of the Charlson comorbidity index in elective spine surgery found that it
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was not a good predictor of postoperative morbidity (121). The authors developed and validated
a new spine surgery specific morbidity score to predict postoperative morbidity and mortality in
elective spine surgery and found it had better predictability than the Charlson comorbidity index.
The use of a spine specific comorbidity index may be more appropriate than the Charlson
comorbidity index and ASA on their own for assessing the impact on LOS.

The effect of smoking showed a weak negative association with LOS and was not statistically
significant (RR = 0.92, 95% CI: [0.80, 1.07]). Smoking status has not been identified as an
independent risk factor for prolonged LOS after lumbar spine surgery in the literature.
Nonetheless, we anticipated that smoking may prolong LOS due to various mechanisms such as
increased risk of complication. One study evaluating LOS in patients undergoing lumbar fusion
surgery reported the mean LOS for smokers (n = 19%) and non-smokers (81%) as 5.3 + 2.4 days
and 6.1 £ 2.4 days, respectively (102). A potential mechanism for the trend for shorter LOS
among smokers observed in our study and others may be that patients who smoke are more
motivated to be discharged early.

6.2.3. Preoperative Medication Use

The association between preoperative antidepressant use and LOS was statistically significant
after controlling for other covariates; however, the effect size was weak (RR =1.16, 95% CI:
[1.0, 1.35]). This finding may suggest that poor mental health has a negative impact on surgical
outcomes, including LOS. No other studies evaluating LOS after lumbar spine surgery have
reported this association. Antidepressant use has also not commonly been considered in previous
literature as it is not available in the large national databases used.

Preoperative narcotic and neuroleptic use showed weak and non-statistically significant
associations with LOS (RR = 1.08, 95% CI: [0.93, 1.25] and RR = 1.04, 95% CI: [0.9, 1.19],
respectively). Neuroleptics (also known as antipsychotics) are frequently used to calm nerve
pain. We hypothesized that patients taking narcotics and neuroleptics preoperatively may require
a longer hospital stay due to difficulties with postoperative pain management. One study actually
found that preoperative narcotic use was associated with shorter LOS in patients undergoing
minimally invasive TLIF and instrumentation (122). The same study also reported that
preoperative oxycodone use was associated with a significantly longer LOS. The effect of
neuroleptic use preoperatively on LOS has not been studied in the orthopedic spine literature,
and literature in other surgical settings is sparse. A recent randomized controlled trial looked at
perioperative pregabalin for reducing pain, analgesic use, and anxiety in elective neurosurgical
patients and found no significant differences in LOS between the groups that used neuroleptics
and those that did not (123).

6.2.4. Operative Considerations

A key finding was that surgical procedure was most strongly associated with LOS. Compared to
discectomy patients, those that underwent a laminectomy stayed nearly two times as long (RR =
1.83,95% CI: [1.16, 2.9]), and TLIF patients stayed over two times as long (1-level TLIF, RR =
2.75, 95% CI: [1.76, 4.3]; 2-level TLIF, RR = 2.62, 95% CI: [1.61, 4.24]). Patients that
underwent an ALIF stayed three and half times as long compared to discectomy patients (RR =
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3.47,95% CI: [2.07, 5.84]). Underlying the decision to include all surgical procedures for
degenerative lumbar spine conditions together was that these patients were likely similar enough
in terms of how various factors would impact the outcome LOS. These results, including the
moderate to strong effects of surgery group and the differences between the stratified models,
suggest that the surgical populations/conditions may in fact be different in important ways (i.e.
more heterogenous than we initially thought) and should be considered independently of one
another.

Intraoperative analgesics and intraoperative complications had relatively weak positive
associations with LOS (RR < 1.5) in the full population; however, they were amongst the
strongest compared to other variables. Both variables showed strong positive effects (RR > 3) in
the stratified models, including dural tear in laminectomy patients (RR =2.99, 95% CI: [1.95,
4.58]) and long-acting intraoperative analgesics in discectomy patients (RR = 5.36, 95% CI:
[1.92, 14.96]). Additionally, the effect of long-acting intraoperative analgesics compared to
short-acting intraoperative analgesics was statistically significantly. Our study is the first known
study to report the association between intraoperative analgesics and LOS in lumbar spine
surgery. A similar study by Siemionow et al. (122) looked at several intraoperative anaesthetic
considerations, including duration of anaesthesia, fluid balance, fentanyl, and midazolam, but did
not specifically consider the effect of short vs. long acting intraoperative analgesia. In any case,
intraoperative fentanyl was not a significant predictor of LOS. The effect of an intraoperative
complication on LOS did not show statistical significance in the full population. Other than
intraoperative transfusion, the impact of complications or adverse events during spine surgery on
LOS and other outcomes has not been well studied.

Underlying the statistically significant association of operating surgeon and LOS in the full
population is that certain procedures are more common in each of the surgeons. We found that
Surgeon 1 performed 78% of all discectomies, which have the shortest average LOS out of all
surgical procedures included. Compared to Surgeon 1, Surgeon 2 also performed 16% more 1-
level TLIFs and 20% more 2-level TLIFs, which have the longest LOS out of all surgical
procedures included. The purpose of including operating surgeon in the model was to control for
any practice style differences.

6.2.5. Postoperative Considerations

Presence of a postoperative blood transfusion was the only postoperative factor included in the
model. It showed a moderate (RR > 1.5) and positive statistically significant association with
LOS. Patients that received a blood transfusion after surgery stayed 2.2 times as long compared
to those who did not receive a blood transfusion. Gruskay et al. (73) found that anemia requiring
a transfusion contributed significantly to patients staying in hospital longer after elective
posterior lumbar fusion surgery. However, the authors did not include this variable in their
multivariable regression due to its strong and potentially confounding relationship with LOS. It
may also be that the presence of a postoperative blood transfusion is associated with increased
blood loss during surgery, which in turn may be related to longer operative time (which has been
shown to significantly impact LOS (76)). The direction of this association should be carefully
considered, as it is also possible that a longer LOS is associated with an increased likelihood of
requiring a blood transfusion.
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6.3. Strengths

A key strength of this research is the representativeness of the study sample. We included
consecutive spinal surgery patients at a single quaternary care centre in Nova Scotia. The two
orthopedic spine surgeons included in this analysis perform nearly all orthopedic spine surgeries
in Nova Scotia. Another strength of this research is the continuous LOS analysis, which allows
for our findings to be interpreted based on varying definitions/opinions of what constitutes
extended LOS or what is clinically meaningful. Considering LOS as a continuous variable also
served to optimize the study power and allowed us to quantify the magnitude of effect for each
independent variable and the LOS outcome.

Another strength of this research was the rigorous data abstraction process including 51
individual data pieces and 23 variables (13 preoperative, seven operative, two postoperative, and
one outcome variable). This allowed us to investigate several covariates in addition to common
ones (e.g. age, sex, BMI), including operating surgeon, preoperative medication use, and revision
surgery. We also had high measures of percent agreement for four variables, suggesting good
reliability of the data. The extensive database developed in the process of this research may be
useful for addressing future research questions or quality improvement initiatives and is currently
being explored by orthopedic residents within the department.

6.4. Limitations

A key limitation of this research is that we were limited to data available in patients’ electronic
medical charts due to the retrospective nature of the study. We did not include some important
variables that have been shown to impact LOS in previous literature, such as discharge
destination (e.g. nursing home or sub-acute care facility vs. home) (124) and availability of
resources to support discharge, such as family (125) and community resources (126). Because
these factors influence LOS, there are some biases in using LOS as a proxy for resource use.
This information is not consistently and readily available in patients’ electronic charts and thus
was not included in the data abstraction. Perhaps some of this information could be obtained
using data linkage; however, this would require further investigation and funding that was not
feasible at this time. Another limitation of retrospective chart data is that it is primarily collected
for clinical and administrative purposes and not for research.

For the 6% of patients with missing comorbidity data, it was assumed that there was no
comorbidity present. This may be considered a limitation, as there is potential for selection bias
to be introduced if patients with certain missing data are systematically different in some way.
For example, perhaps patients with more complex health needs have longer medical charts and
are thus not documented as comprehensively compared to healthier patients with more
straightforward medical records. However, it is unlikely that this an issue that impacts the results
in our study. Excluding patients with a LOS of 30 days or more may also introduce selection bias
in our results. These patients (n = 4) were excluded not only because of their outlier status, but
because their prolonged LOS was likely to due to reasons unrelated to surgery. However, it is
still possible (though unlikely) that the LOS was related to surgery, such as the occurrence of a
serious perioperative adverse event. Additionally, a LOS = 30 days may be more common for
certain surgical procedures, such as interbody fusions, which are more invasive compared to
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other lumbar procedures included (e.g. discectomy and laminectomy). If that is the case, then
LOS may appear shorter in this population. Additionally, if patients with a LOS > 30 days are
especially old and are excluded, then age may appear less associated with LOS in patients with
lumbar interbody fusion.

Other limitations of this research relate to the data abstraction methods, such as potential errors
in extracting and entering the data (127), which may lead to measurement bias. While there was
a high level of agreement between two reviewers, there is still potential for errors and biases in
the data. Studies consistently report concerns about drawing conclusions or making decisions
based on retrospective chart reviews (128—131). One major concern pertains to issues with the
quality of reporting. For example, practitioners may not carefully assess a patient’s medical
history, or they may not properly record what was done due to time restrictions (128,132,133).

The small sample sizes in the stratified models for 1-level TLIF, laminectomy, and discectomy is
a limitation of this research, making it difficult to interpret and draw conclusions from the
results. Almost all previous studies have focused on one specific surgical procedure (e.g. elective
1-level TLIF (76) or laminectomy (67)). Only one other study included all patients who
underwent elective spine surgery for degenerative lumbar spine pathologies, including stenosis,
spondylolisthesis, symptomatic mechanical disc collapse, and revision surgery (95).

6.5. Implications

The results from this research have important implications, especially for the local Orthopedic
Spine division and future research. Our results contribute to the small, yet growing body of
literature evaluating LOS in the surgical spine setting. Importantly, this was the first study to
look at the factors associated with LOS after elective lumbar spine surgery in the Nova Scotian
population. Previous findings could not be generalized to the local patient population; thus, this
study was an imperative first step in order to conduct future confirmatory studies and build/test
predictive models for LOS. The descriptive results in this study provide a better understanding of
the demographic and clinical characteristics of the patient population undergoing elective lumbar
spine surgery for degenerative conditions in Nova Scotia. We can also use this information to
better understand how the Nova Scotian population compares to surgical spine populations in
other regions across the globe. Ultimately, the results from this study provide many opportunities
for future research and quality improvement.

6.5.1. Future Research

The objective of this research was exploratory in nature. We identified several prognostic factors
and their association with the LOS outcome. Future confirmatory studies are needed to assess the
prognostic value (or validity) of factors identified in initial exploratory studies such as this thesis.
For example, a study looking at the prognostic value of ASA class as a predictor of extended
LOS. Furthermore, the level of evidence from confirmatory research generally carries more
weight than exploratory studies (134).

Future prospective research should also be conducted. Our study was limited to prognostic
factors in the patients’ medical charts due to the retrospective nature of the review. This included
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missing data on important patient reported outcomes that should be considered in the context of
the LOS outcome, such as pain and quality of life. Prospective research will allow for a more
complete analysis of independent variables, including potential confounders and other prognostic
factors that have been identified in previous studies that are not readily available in the electronic
medical chart. It will also allow for the prospective collection of patient-reported outcome
variables at various postoperative follow up periods. See Section 6.5.2.1.for specific variable
recommendations.

Future research should also include the development and testing of a predictive model for LOS
that is sensitive and specific. This will allow administrators to accurately predict a patients likely
LOS and appropriately schedule and manage resources accordingly to improve hospital
efficiency. Knowing approximately how long a patient is likely to stay in hospital following
elective spine surgery may also inform individual care. In addition to data-driven variable
selection approaches, results from the theory-driven explanatory model in this study may help to
inform which prognostic factors to include in a predication model to best assess the outcome
LOS. Future predictive models should include the largest sample sizes available in order to
predict the outcome with maximum precision and to allow for the use of training and validation
datasets.

Our results varied considerably for the surgery specific multivariable models, indicating effect
modification by surgery group. Thus, we strongly recommend that future research considers
more homogenous patient populations, such as limited to a single surgical procedure (e.g. 1-level
TLIF) or clinical condition (e.g. disc herniation) and includes larger sample sizes.

The prevalence of preoperative antidepressant use among patients in our study was noteworthy,
with over one-third of the sample taking antidepressants at the time of surgery. Preoperative
antidepressant use was also statistically significantly associated with longer LOS (p = 0.039).
Clinicians should be aware of the high prevalence of mental health issues in this population and
the potential that it could negatively impact LOS. Future research should be conducted to
confirm this association. If it is true that poor mental health negatively impacts postsurgical
outcomes (i.e. LOS) and that there is a high prevalence of mental health concerns in this
population, then there should be a focus on appropriate psychology/psychiatry support services
perioperatively.

6.5.2. Quality Improvement and Learning Health Systems

This research has the potential to contribute to quality improvement and learning health systems
within the Orthopedic Spine division. Learning health systems combine health and research
systems to enable continuous learning and improvement cycles with the key aim of improving
health system performance at a lower cost (135,136). These learning cycles have three phases: 1)
Practice to Data, 2) Data to Knowledge, and 3) Knowledge to Practice. The first phase focuses
on generating and managing clinical data. Engaging clinicians and/or patients in this phase is key
to good data management. The second phase involves the translation of data to knowledge in
order to influence decision making and improvements in the learning health system. In the third
phase, knowledge is applied to guide decision making, improve practice, and ultimately improve
the value of care (136). In order to improve care and support continuous learning, there should be



36

a principal focus on the way data are collected, used, and shared within the Orthopedic Spine
division in the future. Through this research we were able identify important gaps/limitations in
the Practice to Data phase and make recommendations to guide new data collection and improve
future research (Data to Knowledge phase).

Firstly, we recommend that data be collected prospectively. The retrospective review process is
time intensive and may increase errors in the data abstraction process. It may also be beneficial
to consider the use of a secure web-based software for housing the data, such as REDCap
(Research Electronic Data CAPture) to support data security and quality. Infrastructure that
allows high-quality clinical data to be collected, analyzed, and applied is central to the ability of
learning health systems to promote learning as a result of routine care (136). Lastly, we
recommend the modification of several preoperative, operative, and postoperative variables and
the addition of others.

6.5.2.1. Variables to collect in valid, reliable way
6.5.2.1.1. Preoperative

Use of narcotics preoperatively was recorded for oxycodone, morphine, hydromorphone,
fentanyl, and methadone, as well as the prescribed doses. In the future, the narcotic doses should
be converted to morphine equivalents using published guidelines, such as those reported by the
Michael G. Degroote National Pain Centre, McMaster University (137).

The most comprehensive and time intensive measure we collected was the Charlson comorbidity
index, which included data on 19 clinical conditions. It would be wise to look further into the
predictive validity of the Charlson comorbidity index for future research, specifically with regard
to the surgical spine population. Perhaps there are other variable that capture comorbidity/health
state that require fewer resources to collect (e.g. ASA class). Furthermore, presence of renal
disease (which is included in the Charlson comorbidity index) was abstracted from the anesthesia
report; however, deciding on a clinical cutoff and assessing a patient’s creatinine levels
immediately preoperatively may provide a more accurate depiction of renal comorbidity.

Preoperative factors that should be considered in future research include social factors or
measures of socioeconomic status (e.g. employment status, education level), and at-home
supports (e.g. marital status, living arrangements).

6.5.2.1.2 Operative

The variable surgery group should be refined to identify surgeries which include more than one
procedure. The primary procedure should be noted, as well as any secondary procedures
performed. For example, ‘fusion with decompression’ or ‘discectomy and decompression’. In
addition, the approach used (e.g. minimally invasive vs. open, or midline vs. paramedian) should
be recorded as these distinctions can impact LOS.
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Intraoperative adverse events should be coded using the Spinal AdVerse Events System
(SAVES) for categorizing and classifying adverse events in spine surgery. This will provide
more standardized adverse event data and allow for comparison of results between studies.

Blood loss was not consistently reported and was missing in a significant proportion of charts. It
is well established in the literature that visually estimated blood loss is not the most accurate
measure (112,113). It would be of interest to investigate whether or not other variables
adequately capture the underlying concept of intraoperative blood loss, such as pre- and post-
operative hemoglobin, operative time, or surgical procedure.

6.5.2.1.3. Postoperative

An acceptable date range for the collection of postoperative hemoglobin and transfusion should
be established (e.g. within three days of the surgical date) and the date recorded. This will help to
standardize these estimates.

Postoperative factors that should be considered in future research include patient reported
outcomes (quality of life, pain), postoperative analgesics (narcotics, neuroleptics), postoperative
complications (including date and grade), discharge destination (home with support vs. no
support, nursing home, rehabilitation center, hospital transfer), and reoperation within one year.
Additionally, the abstractor who recorded the data for each patient should be documented to
allow for measures of reliability within and between abstractors.

6.8. Conclusions

We found several factors to be associated with LOS, which provide preliminary evidence for the
development of robust predictive models for LOS. Our results showed that LOS is highly
procedure specific, thus future research should focus on more homogenous populations, such as
limited to a single surgical procedure or clinical diagnosis. We also recommend the need for
future prospective and confirmatory prognostic studies.
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Appendix A: Length of stay definitions used in previous literature

Author Extended LOS
(Reference) Study Title Definition
Basques (67) Patient characteristics associated with increased ~ Continuous

postoperative length of stay and readmission
after elective laminectomy for lumbar spinal
stenosis
Basquesc (76) Using the ACS-NSQIP to identify factors > 75th percentile
affecting hospital length of stay after elective
posterior lumbar fusion

Gruskay (73) Factors affecting length of stay after elective > 5 days (at least 1
posterior lumbar spine surgery: a multivariate SD > mean)
analysis

Siemionow (122)  Predictive factors of hospital stay in patients > 24 hours

undergoing minimally invasive transforaminal
lumbar interbody fusion and instrumentation

Zheng (102) Factors predicting hospital stay, operative time, ~ Continuous
blood loss, and transfusion in patients
undergoing revision posterior lumbar spine
decompression, fusion, and segmental
instrumentation
McGirt (95) Predictors of extended length of stay, discharge > 7 days
to inpatient rehab, and hospital readmission
following elective lumbar spine surgery:
introduction of the Carolina-Semmes Grading
Scale
Note. LOS = length of stay, SD = standard deviation, ACS-NSQIP = American College of
Surgeons National Surgical Quality Improvement Program. LOS definitions were the same for
bivariate and multivariate analyses, with the exception of Basques (67) and Gruskay (73), who
considered LOS continuously under multivariable analysis.




Appendix B: Literature review

Author Study Title Average N Exposures Effect Measure and
(Reference) Age Size
(years) Preoperative Intraoperative Postoperative Unstd. B Std. B
COEFF COEFF
Linear regression: LOS considered as continuous
Basques (67) Patient characteristics associated with 66.4 2358  Age
increased postoperative length of stay and  (11.7) BMI
readmission after elective laminectomy ASA 3-4 0.3
for lumbar spinal stenosis
Basques (76) Using the ACS-NSQIP to identify factors  60.6 1861  Age 0.34 0.14
affecting hospital length of stay after (13.9) Morbid obesity 1.42 0.11
elective posterior lumbar fusion (BMI > 40)
ASA class =3 0.58 0.09
Operative time > 0.97 0.13
268 mins.
Multilevel 0.78 0.09
procedure
Transfusion 1.76 0.22
Gruskay Factors affecting length of stay after 60.9 103 Age 0.209
(73) elective posterior lumbar spine surgery: a  (13.6) ASA 0.334
multivariate analysis History of heart -0.301
disease
Discharge to 0.376
sub-acute
/nursing
facility

Note. Statistically significant (p < 0.005) characteristics associated with extended LOS following elective lumbar spine surgery found in previous retrospective cohort
studies using multivariable regression analyses. Unstd. B COEFF = unstandardized beta coefficient, Std. B COEFF = standardized beta coefficient, BMI = body mass
index, ASA = American Society of Anesthesiology, ACS-NSQIP = American College of Surgeons National Surgical Quality Improvement Program.

6%



Author Study Title Average N Exposures Effect Measure and
(Reference) Age Size
(years) Preoperative Intraoperative Postoperative  Unstd. B Std. B
COEFF COEFF
Siemionow Predictive factors of hospital stay in 52 (13) 104 Hemoglobin -0.25 -0.333
(122) patients undergoing minimally invasive Oxycodone use 0.041 0.243
gsgiﬁ;ﬁ;ﬁiiﬁ ar interbody fusion Total fluid input at 0.004 1.911
end of case
Fluid balance 0.003 1.681
Crystalloid to 4.108 3.021
colloid ratio
Colloids -0.03 -2.196
administered
Fraction of inspired -0.847 -0.222
oxygen
Creatinine 3.816 1.579
Zheng (102)  Factors predicting hospital stay, operative 54 112 Age 0.38
time, blood loss, and transfusion in
patients undergoing revision posterior
lumbar spine decompression, fusion, and
segmental instrumentation
Logistic regression: extended stay considered as = 7 days
McGirt (95)  Predictors of extended length of stay, 69.6% < 6921  Fusion (no/ yes) 1.2
discharge to inpatient rehab, and hospital 70, ASA class (1-3/4- 0.822
readmission following elective lumbar 30.4% 5)
spine surgery: introduction of the >170 Age (< 70/=70) 0.544
Carolina-Semmes Grading Scale ODI (< 70/ = 70) 0.52
Diabetes (no/ yes) 0.379
Ambulation 0.539
(independent/
assisted)

Note. Statistically significant (p < 0.005) characteristics associated with extended LOS following elective lumbar spine surgery found in previous retrospective cohort
studies using multivariable regression analyses. Unstd. B COEFF = unstandardized beta coefficient, Std. B COEFF = standardized beta coefficient, BMI = body mass
index, ASA = American Society of Anesthesiology, ACS-NSQIP = American College of Surgeons National Surgical Quality Improvement Program.
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Appendix C: Data dictionary

Variable Name | Variable Description/Question | Data Source | Data Values | Date type
Preoperative
Sex Gender of participant Anesthesia record 1 i male Dichotomous
2 = female
DOB Date of birth Anesthesia record e.g. yyyy-mm-dd Date
Surg date Date of surgery Anesthesia record e.g. yyyy-mm-dd Date
Admit_date Date of admission Anesthesia record e.g. yyyy-mm-dd Date
Disch_date Date of discharge Anesthesia record e.g. yyyy-mm-dd Date
Revision Revision surgery Operative Report (1) i 225 Categorical
ASA ASA score Anesthesia record e.g. 4 Integer
Comor CVD Dpes the patient have cerebrovascular | Anesthesia record 0 i no Categorical
- disease? 1 =yes
Comor MI Has thf: patient had a myocardial Anesthesia record 0=no Categorical
- infarction? 1 =yes
Comor CHF Does thfa patient have congestive Anesthesia record 0=no Categorical
- heart failure? 1 =vyes
Comor PVD Does the patient have peripheral Anesthesia record 0=no Categorical
- vascular disease? 1 =yes
. Smoker within the last year before Anesthesia record 0=no Categorical
Smoking . B
initial surgery? 1 =yes
Comor CPD Does the patient have chronic Anesthesia record 0=no Categorical
- pulmonary disease? 1 =yes
Comor_ulcer Does the patient have ulcer disease? Anesthesia record (1) z ;ZS Categorical
. . Does the patient have mild liver Anesthesia record 0=no Categorical
Comor _liver mild . B
- = disease? 1 =yes
. Does the patient have moderate or Anesthesia record 0=no Categorical
Comor_liver . . B
- severe liver disease? 1 =vyes
. Does the patient have diabetes with Anesthesia record 0=no Categorical
Comor diab_organ B
- - end-organ damage? 1 =yes
Comor_diab_wo_orga | Does the patient have diabetes Anesthesia record 0=no Categorical
n without end organ damage? 1 =yes
Comor CTD ]?oes thf: patient have connective Anesthesia record 0=no Categorical
- tissue disease? 1 =yes
Comor_hemipl Does the patient have hemiplegia? Hlstqry and 0 i ho Categorical
- physical report 1 =yes
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Variable Name Variable Description/Question Data Source Data Values Date type
Does the patient have moderate or History and 0=no Categorical
Comor renal . .
- severe renal disease? physical report 1 =yes
Comor _aids Does the patient have AIDS? Hlstqry and 0 i ho Categorical
- physical report 1 =yes
Does the patient have a metastatic History and 0=no Categorical
Comor_met_tumor . .
- = solid tumour? physical report 1 =vyes
Comor_lymph Does the patient have a malignant H1stqry and 0 i no Categorical
- lymphoma? physical report 1 =yes
. . History and 0=no Categorical
Comor leuk Does the patient have leukemia? . _
- physical report 1 =vyes
Comor nonmet tumor Does the patient have any non- History and 0=no Categorical
- - metastatic solid tumor? physical report 1 =yes
Comor dementia Does the patient have dementia? Hlstgry and 0 i ho Categorical
- physical report 1 =yes
Start HGB Starting hemoglobin for surgery Laboratory report eg. 124 Continuous
BMI Body mass index at the time of Operative .report: c.g.25.0 Continuous
surgery pre-operative
Narcotic use prior to surgery Operative report: _ Categorical
. h . 0=no
Narcotic_use (hydromorphone/morphine/oxycodon | pre-operative 1 = ves
e, methadone, fentanyl patch)? Y
Operative report: 0 = none/other Categorical
pre-operative 1 = hydromorphone/morphine/oxycodone, as
Narcotics use drugA What is your current use of narcotics needed
_use_drug (drug A) before surgery? 2 = hydromorphone/morphine/oxycodone, daily
3 = methadone
4 = fentanyl patch
Nacotics drugA amt What is the dose in milligrams of Operative report: Continuous
—Arugh._ narcotics (drug A) taken before initial | pre-operative e.g. 25.0
surgery?
Operative report: 0 = none/other Categorical

Narcotics_use_drugB

What is your current use of narcotics
(drug B, if applicable) before
surgery?

pre-operative

1 = hydromorphone/morphine/oxycodone, as
needed

2 = hydromorphone/morphine/oxycodone, daily
3 = methadone

4 = fentanyl patch
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Variable Name Variable Description/Question Data Source Data Values Date type
. What is the dose in milligrams of Operative report: Continuous
Nacotics_drugB_amt narcotics (drug B) taken before initial | pre-operative ¢.g 25.0 mg
surgery?
AD Anti-depressants prior to surgery? Operative rep ort: 0 i no Categorical
pre-operative 1 =yes
Neuro Neuroleptics prior to surgery? Operative rep ort: 0 i no Categorical
pre-operative 1 =yes
Insur status Is there an insurance claim (WSIB or | Inpatient 0=no Categorical
- WCB) associated with this case? registration form 1 =yes
Operative
. . L Anesthesia record 0= fentanyl or remifentanil Categorical
Intraoperative analgesia medications _
Intra op analg 1 during suree 1= hydromorphone
& surgery 2= morphine
Intraoperative analgesia medications | Anesthesia record 0 = hydromorphone or morphine (long acting) Categorical
Intra_op_analg 2 . _ . . -
during surgery 1 = fentanyl or remifentanil (short acting)
What is the dose in milligrams of Anesthesia record Continuous
Intra_op_analg_dose . eg. 1.2
analgesics taken?
. Was a transfusion required during the | Anesthesia record 0=no Categorical
Trans_during o _
- surgery? 1 =yes
Blood loss The estimated volume of blood lost Anesthesia record Integer
- L S e.g. 150 ml
during initial surgery (in milliliters)
Surg_start Start time of surgery Qp crative re.cord: e.g. 21:00 (4 digits based on 24hr clock) Integer
- intra-operative
. Operative record: ) . Integer
Surg_end End time of surgery intra-operative e.g. 21:00 (4 digits based on 24hr clock)
Operative report 1 = Bill Oxner Categorical

Operating_surgeon

Who performs the initial surgery?

2 = Andrew Glennie
3 = Bill Oxner + Andrew Glennie
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Variable Name Variable Description/Question Data Source Data Values Date type
Init Diagnosis Operative report 1 = degenerative spondylolisthesis Categorical
2 = isthmic spondylolisthesis
3 = disc herniation
4 = spinal stenosis
5 = degenerative scoliosis
Patients grouped by surgical 6 = idiopathic scqliosis
diagnosis 22 = hardware failure (rod/screw breakage)
23 = hardware failure (fixation in bone)
24 = non-union/malunion
25 = adjacent segment disease
26 = symptomatic screw malposition
27 = persistent dural leak
28 = epidural hematoma
Operative report 1 =TLIF -1 level Categorical
. 2 =TLIF -2 level
Patients grouped by surgery .
Surgery group 4 = discectomy
performed _ .
5 = laminectomy
8 = ALIF
Operative report 0 =none Categorical

Intra_op_comp

Intraoperative complications

1 = airway/ventilation

2 = allergic reaction

3 = cardiac arrest/failure/arrythmia
4 = cutaneous injury

5 = dural tear

6 = hypotension

7 = implant/instrument related

8 = incorrect operative site

9 = instrumentation/fixation/implant or
mispositioning requiring revision
10 = massive blood loss

11 = neural injury spinal cord

12 = neural injury nerve root

13 = vascular injury

Surg _comp

Intraoperative complications

0 =none
1 = dural tear
2 = significant complication
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Variable Name | Variable Description/Question | Data Source | Data Values | Date type

Postoperative

Post HGB Hemoglobin following surgery (24 Laboratory report cg 124 Continuous
~ hours)
Trans after Was a transfusion required following | Laboratory report 0=no Categorical
- the surgery? 1 =yes

Note. Missing data coded as 99, SCI = spinal cord injury, ACDF = anterior cervical discectomy and fusion, TLIF = transforaminal lumbar interbody fusion, ALIF =
anterior lumbar interbody fusion.
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Appendix D: Study populations in previous retrospective cohort studies

Author Study Title Diagnosis Surgical Intervention Mean Age  Mean LOS N
(Reference) (years) (days)
Basques (67)  Patient characteristics associated with ~ Lumbar spinal Elective lumbar 66.4 (11.7) 2.1(2.6) 2358
increased postoperative length of stay  stenosis laminectomy
and readmission after elective
laminectomy for lumbar spinal
stenosis
Basques (76)  Using the ACS-NSQIP to identify Unspecified Elective posterior lumbar 60.6 (13.9)  Normal stay 1861
factors affecting hospital length of fusion (minimally invasive group: 2.9 (1.0)
stay after elective posterior lumbar and open) Extended stay
fusion group: 7.4 (4.5)
Gruskay (73)  Factors affecting length of stay after Unspecified Elective, open, one- to three- 60.9 (13.6) 3.6 (1.8) 103
elective posterior lumbar spine level posterior lumbar
surgery: a multivariate analysis instrumented fusion (with or
without decompression)
Siemionow Predictive factors of hospital stay in Degenerative One-level, minimally 52 (13) 2.3(1.2) 104
(122) patients undergoing minimally conditions invasive transforaminal
invasive transforaminal lumbar lumbar interbody fusion and
interbody fusion and instrumentation instrumentation
Zheng (102) Factors predicting hospital stay, Degenerative lumbar ~ Revision posterior lumbar 54 6(2.4) 112
operative time, blood loss, and spine disorders spine decompression, fusion
transfusion in patients undergoing with segmental
revision posterior lumbar spine instrumentation
decompression, fusion, and segmental
instrumentation
McGirt (95) Predictors of extended length of stay,  Stenosis, First-time elective 1-3 level =~ Unspecified Unspecified 6921
discharge to inpatient rehab, and spondylolisthesis, degenerative lumbar spine (69.6% < (4.2% had
hospital readmission following symptomatic surgery 70, 30.4% extended LOS
elective lumbar spine surgery: mechanical disc > 70) (= 7 days))

introduction of the Carolina-Semmes
Grading Scale

collapse, revision
surgery (including
recurrent same-level
disc herniation and
adjacent segment
disease)

Note. LOS = length of stay, ACS-NSQIP = American College of Surgeons National Surgical Quality Improvement Program.
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Appendix E: Charlson comorbidity weighted index

Weights

Clinical Condition

1

Myocardial infarction
Congestive heart failure
Peripheral vascular disease
Dementia

Cerebrovascular disease
Chronic pulmonary disease
Connective tissue disease
Ulcer disease

Liver disease (mild)
Diabetes

Hemiplegia

Renal disease (moderate/severe)
Diabetes with end organ damage
Non-metastatic solid tumor
Leukemia

Malignant lymphoma

Liver disease (moderate/severe)

Metastatic solid tumor

Acquired immunodeficiency
syndrome (AIDS)
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Appendix F: Study characteristics by length of stay outcome

Variables LOS
Median, IQR Mean (SD) Range

Preoperative
Sex

Male 3[1-4] 3.22 (3.24) 0-25

Female 3 [1-5] 3.52 (3.17) 0-21
Age (years)

<50 0[0-3] 1.58 (2.13) 0-12

50-59 3 [2-4] 2.89 (2.05) 0-10

60-69 3 [2-5] 3.81 (2.81) 0-17

70-79 4 [3-6] 4.77 (3.86) 0-25

> 80 4 [3-7] 5.38 (4.4) 1-21
BMI (kg/m2)

Normal (18.5-24.9) 3 [0-4] 2.63 (2.38) 0-12

Overweight (25-29.9) 3[1-5] 3.09 (2.95) 0-21

Obese (= 30) 3 [2-5] 3.88 (3.57) 0-25
ASA classification

1-2 3[1-4] 2.92 (2.82) 0-21

3-4 4 [3-6] 4.77 (3.84) 0-25
Revision surgery

Yes 4 [3-6] 4.54 (3.16) 0-17

No 3[1-4] 3.07 (3.15) 0-25
Smoking status

Yes 3 [0-4] 2.55(2.21) 0-8

No 3[1-5] 3.71 (3.48) 0-25
CCI score

0-2 3[1-4] 3.18 (2.88) 0-21

>3 4 [3-6.5] 6.57 (5.63) 1-25
Hemoglobin (g/L)

<130 4 [2-6] 4.69 (4.0) 0-25

> 130 3[1-4] 3.07 (2.7) 0-16
Preoperative narcotic use

Yes 3[1-5] 3.63 (3.38) 0-17

No 3[1-4] 3.28 (3.13) 0-25
Preoperative neuroleptic use

Yes 3[1-5] 3.49 (3.26) 0-17

No 3[1-4] 3.32(3.17) 0-25
Preoperative antidepressant use

Yes 4 [2-5] 3.86 (3.2) 0-21

No 3[1-4] 3.11 (3.18) 0-25
WCB insurance status

WCB claim 2 [0-4] 2.19 (2.08) 0-7

No claim 3[1-5] 3.46 (3.26) 0-25
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Variables LOS
Median, IQR Mean (SD) Range
Preoperative
Initial Diagnosis
Degenerative spondylolisthesis 4 [3-5] 4.25 (2.61) 0-21
Isthmic spondylolisthesis 3 [2-5] 3.63 (2.37) 0-12
Disc herniation 0[0-2] 1.14 (2.18) 0-14
Spinal stenosis 3 [2-4] 3.85(3.6) 0-25
Scoliosis 5[4-7] 6.2 (3.45) 3-16
Hardware failure fixation in bone 6.5 [3-10] 6.5 (4.95) 3-10
Adjacent segment disease 5[4-7.5] 5.72 (2.96) 2-16
Non/mal-union 4 [3-6] 5.55 (4.23) 1-17
Operative
Surgery group
Laminectomy 2 [1-4] 2.9 (2.95) 0-21
Discectomy 0[0-1] 0.91 (1.99) 0-12
1-level TLIF 4 [3-6] 4.62 (2.98) 1-25
2-level TLIF 4 [3-6] 5.2(3.22) 2-16
ALIF 3.5 [2-6] 4.5 (2.86) 2-12
Intraoperative analgesics
Hydromorphone/morphine 3[1-5] 3.65(3.4) 0-25
(long acting)
Fentanyl/remifentanil (short 2 [0-4] 2.66 (2.59) 0-12
acting)
Operative time (hours)
<1 1 [0-2] 1.78 (2.65) 0-14
1-2 2 [0-4] 2.86 (2.89) 0-17
2-3 4 [3-5] 4.42 (2.76) 0-21
>3 5.5 [3-6] 6.27 (5.16) 2-25
Operating surgeon
Surgeon 1 2 [0-4] 2.58 (2.89) 0-16
Surgeon 2 4 [2-5] 4.2 (3.34) 0-25
Both 3.5[1.5-4] 3.42 (2.75) 0-10
Intraoperative complications
Dural tear (minor) 3 [2-5] 432 (4.11) 0-21
Major 4.5 [2-10] 6.0 (5.55) 0-15
None 3[1-4] 3.29 (3.09) 0-25
Postoperative
Postoperative blood transfusion
Yes 8.5 [6-14] 10.75 (6.94) 4-25
No 3[1-4] 3.29 (2.97) 0-21
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Note. LOS = length of stay, BMI = body mass index, ASA = American Society of
Anesthesiology, CCI = Charlson comorbidity index, WCB = Workers’
Compensation Board, TLIF = transforaminal lumbar interbody fusion, ALIF =
anterior lumbar interbody fusion.




Appendix G: Missingness in comorbidity data

Clinical Condition

Missing values

N (%)
Myocardial infarction 0
Congestive heart failure 0
Peripheral vascular disease 0
Dementia 29 (6.1)
Cerebrovascular disease 0
Chronic pulmonary disease 0
Connective tissue disease 3(0.6)
Ulcer disease 0
Liver disease (mild) 0
Diabetes 0
Hemiplegia 28 (5.9)
Renal disease (moderate/severe) 1(0.2)
Diabetes with end organ damage 0
Non-metastatic solid tumor 30 (6.3)
Leukemia 30(6.3)
Malignant lymphoma 30(6.3)
Liver disease (moderate/severe) 0
Metastatic solid tumor 30 (6.3)
Acquired immunodeficiency 28 (5.9)

syndrome (AIDS)
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