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Abstract

Study Design: Ambispective cohort study.

Objective: Patients spend on average 3 to 7 days in hospital after lumbar fusion surgery. Patients who are unable to be discharged
home may require a prolonged hospital stay while awaiting a bed at a rehabilitation facility, adding cost and imposing a consid-
erable burden on the health care system. Our objective is to identify patient or procedure related predictors of discharge
destination for patients undergoing posterior lumbar fusion.

Methods: Analysis of data from the Canadian Spine Outcomes and Research Network. Patients who underwent lumbar fusion
for degenerative pathology between 2008 and 2015 were identified. Multivariable logistic regression analysis was used to identify
independent predictors of the discharge destination.

Results: A total of 643 patients were identified from the database, 87.1% of the patients (N ¼ 560) were discharged home while
12.9% (N ¼ 83) required discharge to nonhome facilities. Using multivariate logistic regression analysis, the predictors for dis-
charge to a facility rather than home were identified including: increasing age (odds ratio [OR] 1.045, 95% confidence interval [CI]
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1.017 -1.075, P < .002), increasing body mass index (BMI) (OR 1.069, 95% CI 1.021 -1.118, P < .004), increasing disability score
(OR 1.025, 95% CI 1.004 -1.046, P < .02), living alone preoperatively (OR 1.916, 95% CI 1.004-3.654, P < .05), increasing operating
time (OR 1.005, 95% CI 1.003 -1.008, P < .0001), need for blood transfusion (OR 3.32, 95% CI 1.687-6.528, P < .001), and
multilevel fusion surgery (OR 1.142, 95% CI 1.007 -1.297, P < .04).

Conclusions: Older age, high BMI, living alone, high disability score, extended surgical time, blood transfusion, and multilevel
fusion are significant factors that increase the odds of being discharged to facilities other than home.

Level of Evidence: Level 3.
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Introduction

Posterior lumbar fusion (PLF) is a common spinal procedure.

Patients undergoing spinal fusion usually spend between 3

and 7 days in hospital at an average cost of approximately

US$1000 per day.1 Inpatient hospital charges correlate to

length of stay (LOS),2,3 helping make PLF one of the most

expensive surgeries used to treat spinal pathology and a sig-

nificant burden to the health care system.4

Prolonged length of stay has been associated with increased

patient complications, increased demand on the physician’s

time and decreased operating room availability due to filled

postoperative beds.5 Many studies have identified factors asso-

ciated with increased LOS following PLF with an aim to

improve patient counselling and postoperative planning. Bas-

ques et al6 showed that older patients, higher body mass index

(BMI), American Society of Anesthesiologists (ASA) class,

and operative times were predictive factors for increased LOS.

One factor not accounted for in most studies is the time spent

waiting for a rehabilitation or nursing home bed. While most of

the studies addressing factors associated with discharge to reha-

bilitation centers looked at arthroplasty population, recently,

Aldebeyan et al,7 using the American College of Surgeons

National Surgical Quality Improvement Program (NSQIP) data-

base, showed that age, female sex, comorbidities, LOS, opera-

tive time, and multilevel surgery were associated with

discharging patients to a facility other than home after PLF.

Using data from the Canadian Spine Outcomes and

Research Network (CSORN), the same issue can be exam-

ined for the first time in a single payer universal health care

system. The CSORN is a national network of health care

centers geographically distributed across Canada. By exam-

ining specific data and outcomes from a public funded

health care system, information can be garnered to not only

improve aspects of Canada’s health care system, but those

of countries using different health care models. The aim of

this study was to determine the preoperative and intraopera-

tive predictive factors associated with discharging patients

to a facility rather than home after PLF using the CSORN

database.

Materials and Methods

Design

This was an ambispective analysis of data from the CSORN.

This is a national prospective registry of consecutive patients

with back pain.

CSORN is an active group of more than 50 neurosurgi-

cal and orthopedic spine surgeons from 18 tertiary care

academic and nonacademic hospitals across Canada that

prospectively collects data on pre- and postsurgical mea-

sures and outcomes of different spinal pathologies and sur-

gical techniques used to treat patients with spinal

conditions. The database serves as a national registry cre-

ated to answer research questions and to facilitate the

implementation of best practices. A national database

research coordinator audits data quality and performance

and sends reports to each contributing hospital site coordi-

nator on a quarterly basis. Reports track data completion

and follow up rates to facilitate internal data validation at

each site. A national privacy and security framework was

created for CSORN that includes a governance structure,

standard operating procedures, training processes, physical

and technical security, and privacy impact assessments.

All participating sites obtained Research Ethics Board

(REB) approval prior to any data collection. Decisions

regarding data collection, storage and analysis are indepen-

dent of any particular company or commercial interest.

Data collection is done by the treating surgeons who

recorded operative and post-operative variables while

research coordinators, unaware of the study hypothesis,

collected patient-reported outcome measures (PROMs)

at baseline, 3 months, 12 months, and 24 months post-

operatively. Collection was in person, via post, or by

employing an online patient portal. Baseline PROMs were

repeated for those waiting longer than 6 weeks prior to

surgery. PROMs included a modified Oswestry Score, the

Neck Disability Index, visual analog scale, the EuroQol

EQ5D, the SF-12 Physical and Mental Component

Summary.

404 Global Spine Journal 9(4)



Data Collection

This study included all adult patients identified in CSORN who

prior to admission were living at home and underwent elective

PLF, including posterolateral instrumented fusion, transforam-

inal lumbar interbody fusion, and posterior lumbar interbody

fusion between October 2008 and September 2015. Both open

posterior approaches and minimally invasive surgery were

included. Exclusion criteria included emergency cases, revi-

sion surgery, tumor, infection, deformity and trauma.

Identified preoperative patient characteristics included age,

gender, body mass index (BMI), comorbidities, ASA, working

status, ODI score, compensation and living arrangements.

Operative and post-operative data included type of procedure,

levels of fusion, operating time, blood loss, need for transfu-

sion, length of hospital stay and postoperative adverse events.

Only data from the index admission was used.

Discharge Destination

Discharge destinations in the CSORN database are categorized

as (1) home, no supervision; (2) home, supervised (health care

professional); (3) in-patient rehabilitation: (4) short-term con-

valescent care; (5) nursing home; and (6) hospital to hospital

transfer. For the purpose of this study, the discharge destination

was dichotomized into home versus any other facility.

Statistical Analysis

The independent variables used for prognostic modeling were

measured on either categorical or continuous scales. Using a

backward stepwise, conditional, statistical selection procedure,

multivariable logistic regression was used to model the rela-

tionship between the prognostic variables of interest and the

binary outcome, discharge destination (home vs any other).

To obtain unbiased internal assessment of accuracy8 data-

splitting technique was used to develop and test the multivari-

able models, whereby a 67% random sample of the full dataset

was used for model development (Build sample), and the entire

dataset was used for model validation (Test sample). In model

development, the significance level was set at P ¼ .10.9 All

analyses were conducted using IBM SPSS Statistics version 24.

Results

A total of 695 patients with elective PLF were identified in the

CSORN registry, 52 patients were excluded due to missing

information. Of the 643 patients included in the study, 560

(87.1%) were discharged home versus 83 (12.9%) who were

discharged to a facility rather than sent home. Out of the 83

patients going to a facility 3.6% were discharged to another

hospital, 8.7% were discharged to rehabilitation center, 0.3%
were discharged to nursing home, 0.2% where discharged to

short term convalescent care and 0.5% were discharged to other

facilities. Table 1 presents the patient demographics and clin-

ical features and the relevant operative information. The cohort

was 44.9% male and 55.1% female. Those who were

discharged to a facility rather than sent home were significantly

older (65.3 vs 59.4 years, P < .001) with a high BMI (30.4 vs

28.5 kg/m2, P < .008). When comparing patients’ comorbid-

ities between the 2 groups, patients who were discharged to a

Table 1. Demographics, Clinical Features, and Operative Information
for the Patients Who Underwent Lumbar Fusion Surgery.

Rehabilitation
(n ¼ 83)

Home
(n ¼ 560) P

Patient demographics
Age (y), mean + SD 65.3 + 14.1 59.4 + 13.1 <.001
Gender, n (%) <.313

Male 34 (41) 255 (46)
Female 49 (59) 305 (54)

Total comorbidities,
mean + SD

2.79 + 2.04 3.22 + 2.01 <.001

Working, n (%) <.01
Not working 13 (57) 115 (43)
Working 10 (43) 152 (57)

BMI (kg/m2), mean + SD 30.4 + 5.7 28.5 + 5.8 <.008
Baseline disability score,

mean + SD
57.4 + 14.2 48.5 + 15.4 <.001

Exercise, n (%) <.097
No 44 (57) 245 (47)
Yes 33 (43) 276 (53)

Compensation, n (%) <.792
No 46 (78) 371 (79)
Yes 13 (22) 96 (21)

ASA class, n (%) <.001
1 2 (2) 65 (12)
2 36 (44) 298 (55)
3 43 (53) 174 (32)
4 1 (1) 4 (1)

Living arrangements, n (%) <.089
Alone 21 (28) 100 (19)
Not alone 55 (72) 420 (81)

Operative characteristics
Transfusion, n (%) <.001

No 35 (42) 476 (85)
Yes 48 (58) 83 (15)

Adverse events (<12 wk),
n (%)

<.307

No 78 (94) 507 (91)
Yes 5 (6) 53 (9)

Adverse events (>12 wk),
n (%)

<.178

No 83 (100) 548 (98)
Yes 0 (0) 12 (2)

LOS (d), n (%) <.001
0-3 7 (9) 187 (34)
4þ 75 (91) 364 (66)

Levels of fusion, n (%) <.001
1 12 (15) 286 (53)
2 11 (13) 109 (20)
�3 59 (72) 144 (27)

Intraoperative blood loss
(mL), mean + SD

1021.1 + 710.6 528.1 + 464.6 <.001

Operative time (min),
mean + SD

303.5 + 121.8 203.9 + 93.5 <.001

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass
index; LOS, length of stay.
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facility had higher disability scores (57.4 vs 48.5, P < .001) and

higher ASA classifications (P < .001). Patients discharged

home were more likely to be living with someone (P < .008).

Intraoperative characteristics were different between

groups. Patients discharged to a facility were more likely to

have received a blood transfusion (P < .001), to have had a

longer operative time (303.5 + 121.8 minutes, P < .001),

higher intraoperative blood loss (1021.1 + 710.6 mL, P <

.001), longer hospital length of stay (P < .001), and a lumbar

fusion of more than 3 levels (72% vs 27%, P < .001).

Multivariable Analysis

Using the build sample, multivariable logistic regression

analysis of multiple potential factors revealed seven signif-

icant predictive factors for discharging patients to a facility

rather than sending them home after posterior lumbar fusion

(Table 2).

For each 10-year increase in age, the odds of discharging to

a facility increased by 43%. For each one-unit increase in

BMI, the odds of discharging to a facility increased by 6%.

Those who live alone had 1.9 times the odds of discharging to

a facility rather than returning home. For each 10 points

increase in disability score, the odds of discharging to a

facility increased by 24%. Reviewing operative factors, for

each 60-minute increase in operating room time, the odds of

discharging to a facility increased by 30%. Patients who

required blood transfusion had 3.3 times the odds of going

to a facility. Finally, the odds of not being discharged home

increased with multilevel fusion; 14% for each level fused

beyond the initial level.

Discussion

Patients discharge destination after posterior lumbar fusion is a

significant concern for patients and their loved ones. Alteration

in the discharge care path is also a significant burden to health

care providers, institutions and the health care system itself.

This study determines the preoperative and intraoperative pre-

dictive factors associated with patients being discharged to a

facility rather than being allowed to return home. Using the

CSORN registry, we were able to examine a representative

sample of the Canadian population and determined that 1 in

8 patients (12.9%) undergoing PLF was discharged to a facility.

Multivariate logistic analysis revealed seven independent

predictive factors affecting the discharge destination. Table 2

displays the 4 preoperative factors (older age, high BMI, living

alone, and high disability score) and three operative factors

(prolonged operative time, the need for blood transfusion and

multilevel fusion surgery), which had an impact.

In this study, we were able to identify living status and

disability score to be a predictor factor for patients being dis-

charged to another destination than home, which to our knowl-

edge have not been previously identified. Patients living alone

had 1.9 times the odds to be discharged to a facility while those

with disability scores more than 40 were unlikely to be sent

directly home. Munin et al10 looked at the predictive factors for

inpatient rehabilitation programs versus discharging home after

total hip and knee arthroplasty surgeries and found that living

alone was significant. Aldebeyan et al7 showed that patients

with decreased functional status were at higher risk of being

discharged to a facility other than home. Prompt identification

of these preoperative patient factors would obviously be

important.

It comes as no surprise that age was an independent factor

for patients being unable to go home after spinal fusion. Com-

pared with young patients, the older patients typically require

a longer time to recuperate and heal and therefore more likely

to necessitate longer rehabilitation stay.11 Age has been

shown in multiple studies to be a predictive factor for an

increase in length of stay following spine surgery.12,13 Zhen

et al13 suggested that age was the only significant predictor of

LOS. Additionally, age has been shown to be a significant

determining factor for postsurgical rehabilitation after arthro-

plasty procedures.10

Another preoperative predictive factor was high BMI. Mul-

tiple previous studies have shown that obesity is associated

with numerous complications and an increase in length of stay

following fusion surgery.6,14-16 Obesity can complicate post-

operative recovery and delay rehabilitation. In this study, we

found that high BMI was associated with an increase in the

number of patients who could not be discharged directly home.

This corresponds with previous studies showing an association

between obesity and increased LOS and the need for rehabili-

tation facilities. Basques et al6 identified BMI >40 kg/m2 as

being associated with extended LOS. Also, Aldebeyan et al,7

using the NSQIP database, showed that BMI�30 kg/m2 was an

independent predictive factor for determining which patients

were discharged to facilities rather than returning home.

Operative factors that were associated with discharging to a

facility included prolonged operative time and the need for

blood transfusion; these findings are in accordance with previ-

ous studies.7,13,17 For every additional 60 minutes of surgery,

the odds of patients not being discharged home increased by

30% and patients that required blood transfusion had 3.3 times

the odd of not going home. Prolonged operative time is usually

associated with more complex cases which in turn can lead to

higher likelihood of intraoperative complication and increased

Table 2. Multivariable Logistic Regression Analysis: Significant
Predictive Factors for Discharging to a Facility Rather Than Going
Home After Lumbar Fusion.

Predictive Factors OR 95% CI P

Age (years) 1.045 1.017 -1.075 <.002
BMI (kg/m2) 1.069 1.021 -1.118 <.004
Living alone 1.916 1.004-3.654 <.05
Disability score (%) 1.025 1.004 -1.046 <.02
Levels of fusion >1 1.142 1.007 -1.297 <.04
Transfusion (mL) 3.318 1.687-6.528 <.001
Operating time (min) 1.005 1.003 -1.008 <.0001

Abbreviations: BMI, body mass index; CI, confidence interval; OR, odds ratio.
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blood loss requiring blood transfusion. It is not surprising there-

fore that Morcos et al18 showed that patients who required

blood transfusion following posterior lumbar fusion were more

likely to have an extended hospital LOS (>4 days).

Finally, multilevel fusion is a predictor of discharge to a

facility. For each additional level the odds for not going

directly home increased by 14%. In multiple studies, multilevel

fusion has been associated with increased operative time, blood

loss, need for blood transfusion, and prolonged hospital

LOS.13,18,19 Basques et al6 showed that although multilevel

fusion was associated with increased operative time and intrao-

perative blood transfusion, it was also an independent predic-

tive factor for prolonged LOS.

In this study, we managed to identify multiple predictor

factors, pre- and perioperatively, that should guide surgeons

in making the decision to whether their patients will be able

to go home or will need to be transferred to another facility

postoperatively. Furthermore, these factors can help the sur-

geon and the patient to have proper expectations and therefore

increase patient cooperation and satisfaction postoperatively.

In addition, early discharge planning can expedite the applica-

tion for rehabilitation or other facilities, therefore decreasing

the LOS and ultimately reducing the cost associated with inpa-

tient hospital charges.

One limitation of this study was that some relevant data was

not included in the CSORN registry including reasons for an

extended LOS, and whether the LOS was associated with bed

availability or was more procedure dependent. Also, since this

is a multicenter database, discharge protocols for individual

hospital were not available. Any specific inconsistencies in

policy for patient discharge and placement and their impact

on the final decisions could not be identified. Despite these

limitations, the CSORN registry provides the largest series of

patients available in Canada and enabled a robust determina-

tion of predictive factors associated with the selection of dis-

charge location following PLF.

Conclusion

Using the CSORN database, we identified that 12.9% of

patients undergoing elective posterior lumbar fusion were not

able to go directly home after surgery. We identified 7 sig-

nificant perioperative predictors of discharge destination.

These factors were increased age, high BMI, living alone,

high disability score, extended surgical time, blood transfu-

sion, and multilevel fusion surgery. Recognizing these factors

can be beneficial in preoperative planning and patient coun-

seling to achieve realistic postsurgical expectations. Recog-

nizing these factors will assist the provision of necessary

services and expedite admission into appropriate rehabilita-

tion facilities, reducing the hospital LOS and decreasing hos-

pital and health care costs.
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