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ABSTRACT

Background: The postoperative length of stay (LOS) is an important prognostic indicator for patients undergoing
instrumented spinal fusion surgery. Increased LOS can be associated with higher infection rates, higher incidence
of venous thromboembolisms, and a greater frequency of hospital-acquired delirium. The day of surgery and
early postoperative mobilization following single-level posterior thoracolumbar stabilizations may impact the
LOS. In this study, we evaluated the effects of weekday (Monday-Thursday) versus weekend (Friday—Sunday)
surgery and postoperative rehabilitation services on LOS following primarily transforaminal lumbar interbody
fusion (TLIF) for degenerative spondylolisthesis (DS).

Methods: In this single-institution retrospective chart review, we identified 198 adults who received a one-level
thoracolumbar instrumented fusion through a posterior only approach (2017-2019). The majority of these
patients underwent TLIF for DS. A zero truncated negative binomial model was used for predictors of the
primary outcome of LOS (weekday of surgery, duration of operation, first or repeat surgery, and physical therapy/
occupational therapy [PT/OT] evaluation). Covariates were sex, age, and body mass index.

Results: We found that operative duration, repeat surgery, and in-hospital PT/OT all significantly increased the
LOS (P < 0.05). Furthermore, those undergoing weekday surgery (Monday-Thursday) had 1.29 times longer LOS
than those on the weekend (Friday-Sunday), but this did not reach statistical significance (P = 0.09).

Conclusion: In our patient sample, duration, repeat surgery, and in-hospital PT/OT increased the LOS following
primarily TLIF for DS. The increased LOS in these cases is likely due to higher overall disease burden and case
complexity. In addition, those patients with a greater likelihood of extended recovery and ongoing neurologic
deficits are more likely to have PT/OT evaluations. Notably, LOS was not significantly impacted by the day of
surgery at our institution.

Keywords: Length of stay, Rehabilitation, Spinal fusion, Spine

INTRODUCTION

Thoracic and lumbar posterior fusions have proven effective for the treatment of degenerative
spinal pathologies, trauma, infection, and neoplasia. Postoperative length of stay (LOS) is a
valuable prognostic indicator for patients undergoing spine surgery, as longer LOS after spine
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surgery is associated with increased risk of postoperative
infection, venous thromboembolism, and delirium.?
Previous studies have also found that advanced age, morbid
obesity, higher American Society of Anesthesiologists (ASA)
class, longer operative duration, multilevel procedures,
intraoperative transfusions, and a history of significant
heart disease are factors that affect LOS after posterior
thoracolumbar fusion.*”? Day of the week (weekends
vs. weekdays) of hospital admission and postoperative
mobilization by physical therapy (PT)/occupational therapy
(OT) are also implicated in LOS and patient outcomes. !>
There may be some concern that diminished availability of
PT/OT staff on weekends could lead to delayed postoperative
mobilization and disposition recommendations, therefore
increasing LOS. Our study aims to explore if LOS after
posterior approach single-level thoracolumbar arthrodesis
is impacted by the day of surgery performed (weekends vs.
weekdays) and whether or not this relationship is influenced
by postoperative mobilization with PT and OT.

MATERIALS AND METHODS

This is a single-institution retrospective chart review of 198
patients who underwent single-level thoracolumbar fusion
through a posterior only approach with or without interbody
placement (2017-2019) at Wake Forest Baptist Medical Center,
Davie Medical Center, and High Point Medical Center. Data
collected included demographics, ambulatory status, surgical
factors (indication, level of surgery, approach, duration of
operation, and day of week of surgery), LOS, PT/OT visits,
complications, disposition, and readmissions.

Data analysis

A zero truncated negative binomial model was constructed
to predict the primary outcome of LOS. Predictors included
weekends versus weekdays, duration of surgery, repeat
surgery, and PT/OT (yes vs. no). Covariates included sex,
body mass index (BMI), and age. Negative binomial regression
was chosen to model LOS as the distribution of counts is
skewed right and overdispersed. Incident risk ratios with
95% confidence intervals (CI) are reported. All analyses were
conducted using R:A language and environment for statistical
computing, R Foundation for Statistical Computing, Version
3.6.1, Vienna Austria and RStudio: Integrated Development
for R., Version 1.1.456 Rstudio, Inc., Boston, MA, USA.

RESULTS
Patient characteristics, complications, and disposition

The study included 198 patients whose clinical data/
characteristics and outcomes are defined in [Table 1]. Most
patients underwent transforaminal lumbar interbody fusion for
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degenerative spondylolisthesis (DS) and were fully ambulatory
before fusion. No patients had intraoperative complications.
Only 6.6% of patients had in-hospital complications (acute
blood loss anemia, urinary retention, respiratory distress, or
worsening neurologic deficits). The vast majority (96.5%) of
patients were discharged home, and only 3.5% went to skilled
nursing facilities (SNF) [Figure 1]. Over the mean follow-up
duration of 35.8 weeks, 8.6% had out-of-hospital complications
(infection, seroma, increasing pain, gait difficulties, or
neurologic deficit). Due to low rate of complications, these were
not separately analyzed as predictors of LOS. The readmission
rate was 8.6%, and 7.1% of patients had repeat surgery
performed during the entire follow-up interval [Table 1].

Table 1: Patient characteristics, surgical factors, and outcomes.
Age (mean [SD]) 60.9 (11.5)
Female, sex (1 [%]) 101 (51.0)
Body mass index (mean [SD]) 31.9 (6.6)
American Society of Anesthesiologists class (1 [%])

1 7 (3.5)

2 57 (28.8)

3 132 (66.7)

4 2(1.0)
Smoking status (n [%])

Current 39 (19.7)

Former 70 (35.4)

Never 89 (44.9)
Ambulatory status preoperatively (n [%])

Fully ambulatory 186 (93.9)

Needs assistance 12 (6.1)
Indication for surgery (n [%])

Degenerative spondylolisthesis 136 (68.7)

Instability 27 (13.6)

Adjacent segment disease 25 (12.6)

Facet arthropathy 2 (1.0)

Other 8 (4.0)
Level of surgery (n [%])

Lumbar 193 (97.5)

Thoracic 5(2.5)
Approach to surgery (n [%])

Posterior instrumentation with on-lay/ 196 (99.0)

interbody fusion

Posterior instrumentation with on-lay fusion 2 (1.0)

only
Day of the week of surgery (1 [%])

Monday-Thursday 145 (73.2)

Friday-Sunday 53 (26.8)
First time surgery (1 [%])

Yes 132 (66.7)

Repeat 66 (33.3)
Operative duration (mean [SD]) 375.5 (107.5)
Estimated blood loss (mean [SD]) 222.8 (174.4)
In-hospital complications (1 [%]) 13 (6.6)
Out-of-hospital complications (1 [%]) 17 (8.6)
Required repeat surgery (n [%]) 14 (7.1)
SD: Standard deviation




Lee, et al.: Factors affecting length of stay

Total patients (n=198)

First-time surgery n=132) —

Home (n=130)

SNF (n=2)

Home (n=61)

SNF (n=5)

Figure 1: Patient disposition and repeat surgery status.

LOS

The range of LOS was 1-20 days with a median [IQR] of 2[2]
days. Predictors of LOS are highlighted in [Table 2]. There
was no significant difference in LOS for those undergoing
surgery on a weekday versus weekend, although surgery on
the weekday resulted in 1.29 times the LOS (P = 0.09). There
was no difference in number of patients with ASA status of
three or more being scheduled Monday-Thursday versus
Friday-Sunday (P = 0.25). The duration of surgery and
repeat surgery status did significantly predict LOS. For each
1 minute increase in duration of surgery, the LOS increased
by a rate of 1.002 days (P < 0.01). Subjects who had a repeat
surgery had 1.49 times the LOS as those who had no previous
spinal surgery (P < 0.01).

Effect of PT/OT

Of the 198 patients, 104 patients (52.5%) underwent PT or
OT during their hospital stay, receiving an average of 1.9
PT sessions and 1.41 OT sessions while inpatient. Of those
who underwent PT or OT, 57.7% utilized both PT and OT
services.

Patients who had PT and/or OT in the hospital had a LOS
1.34 times longer than those who did not (CI [1.04-1.73],
P = 0.02). For each additional PT session in the hospital,
discharge is extended by 0.4 days (P = 0.04). The average
time from PT order being placed to the patient first being
seen by PT is 0.52 days. For each additional OT session in
the hospital, discharge is extended by 0.8 days (P = 0.01).
The average time from OT order being placed to the patient
first being seen by OT is 0.76 days. There was no significant
difference in time from OT order placed to being seen on
the weekends versus the weekdays (P = 0.42) or in time from
PT order placed to being seen on weekends versus weekdays
(P = 0.86). Patients were most often seen by PT/OT on
postoperative day (POD) 1, with mean standard deviation

Table 2: Negative binomial model predicting length of stay.
Incident  95% confidence P-value
risk ratios interval
Male 0.86 0.68-1.09 0.20
Body mass index 0.99 0.97-1.01 0.33
Age 1.00 0.99-1.01 0.69
Physical therapy or 1.34 1.04-1.73 0.02*
occupational therapy
Weekend 1.29 0.96-1.73 0.09
Duration of surgery 1.002 1.001-1.003 <0.01*
Repeat surgery 1.49 1.17-1.89 <0.01*
*Statistical significance (P<0.05)

(SD) first PT visit on POD 1.46 (1.28) and mean (SD) first
OT visit on POD 0.76 (0.84).

Patients who underwent PT/OT did not differ significantly in
BMI (P = 0.38) or preoperative ambulatory status (P = 0.45).
However, patients who did get PT/OT had an ASA class more
likely to be greater than or equal to 3 (P = 0.04).

DISCUSSION

Prior studies assessing LOS in lumbar fusion patients have
inconsistent findings and did not specifically explore the
effects of PT/OT as related to the day of the week of surgery
in posterior single-level thoracolumbar fusions.®!! In our
patient cohort, operative duration, repeat surgery, and in-
hospital PT/OT all significantly increased LOS (P < 0.05). In
addition, patients undergoing surgery on weekdays trended
toward a longer LOS (P = 0.09).

Past studies have explored the effect of weekend hospital
admissions on LOS and outcomes. One meta-analysis
revealed that the mean hospital LOS was 1 day shorter on
weekends, with the exception of studies regarding elective
procedures and maternity admissions. However, this was
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partly attributed to a higher proportion of patient deaths and
higher acuity cases among weekend admissions."”) Weekend
admissions with certain acute medical conditions and
elective surgery performed at the end of the week/weekend
have been associated with higher mortality rates.!"*) However,
our trend toward shortened LOS for surgeries performed on
weekends cannot be explained by inpatient mortality. Rather,
surgeons may opt to schedule higher risk patients and more
complex surgeries earlier in the week intentionally as to
avoid weekend care with limited staffing for these patients.
Although in our cohort there was no difference in ASA status
of patients undergoing weekday versus weekend surgery,
other preoperative risk factors may play a role in surgical
scheduling and LOS.

Rather than PT/OT decreasing LOS, patients who had
PT or OT in the hospital had a LOS 1.34 times longer
than those who did not. This increased LOS can partly be
explained by the indications for ordering PT/OT. The use
of PT/OT in patients at our institution is not standardized
and is dependent on provider discretion. Older patients,
patients with more comorbidities, or patients with a
complicated operative course are generally recommended
to receive PT/OT. The therapy team may also recommend
continued inpatient rehab before discharge, thus
prolonging LOS. The increased LOS may also be due to
the delay from time ordering PT/OT to the time seeing the
patient. This is potentially a modifiable factor that could
be mitigated by more staft dedicated solely to mobilization
of these patients while awaiting more advanced therapy
service evaluation and/or purely hiring more PT/OT
staff. In addition, most of our patients received PT/OT
on POD 1 rather than on the same day of surgery. Earlier
mobilization on POD 0 versus POD 1 has been found to
decrease LOS in patients with total joint arthroplasty,* and
similar findings have been reported for spinal stabilization
surgery with or without laminectomy in acute spinal cord
injury.' The beneficial effects of mobilization on LOS
on POD 0 versus 1 may be explained in part by the daily
goals set by PT. Often, patients who receive PT/OT on
POD 0 attempt to get out of bed and sit up in a chair, with
the expectation that the following day they will ambulate.
Patients who receive PT/OT on POD 1 may not have the
same expectation. Therefore, the beneficial effects of PT/
OT seem to be most useful the earlier utilized, and authors
have suggested that rehabilitation protocols with early
mobilization should be utilized on POD 0 for early patient
recovery and decreased LOS.™

Our findings that PT and OT are associated with an increased
LOS create a unique challenge for surgeons as they are faced
with the decision whether or not to order PT/OT after single-
level thoracolumbar fusions. In medically complex patients,
increased LOS is associated with increased morbidities;
however, early postoperative mobilization can minimize
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these same risks. Using our data, in combination with
previous literature, we recommend mobilization on POD 0
for patients with a higher ASA score, more complex surgery
(extended duration or blood loss), and difficulty mobilizing
preoperatively.

Our present study is limited in the fact that it is not
prospective in nature, and the follow-up interval was on
average less than a year. Our sample size of 198 appears
small for a large academic center; this is because patients
at our institution have increased likelihood of multilevel
disease and deformity, which limits number of single level
fusions only. In addition, our average mobilization was
POD 1, when data suggest for other elective surgeries that
PT/OT should be initiated on POD 0. Future prospective,
randomized studies with a larger sample size are needed to
further explore the relationships between PT/OT, LOS, and
patient-level factors that may indicate more successful PT/
OT intervention.

CONCLUSION

LOS significantly increased for patients who underwent
single-level thoracolumbar instrumented fusion primarily for
DS with increased operative duration, repeat procedures, and
PT/OT intervention with mobilization on POD 1-2, while
there was only a trend toward increased LOS for surgery
performed on weekdays versus weekends.
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