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ACKGROUND CONTEXT: Postdischarge care is a significant source of cost variability after

posterior lumbar fusion surgery. However, there remains limited evidence associating postdi-

scharge inpatient services and improved postoperative outcomes, despite the high cost of these

services.

PURPOSE: To determine the association between posthospital discharge to inpatient care facilities

and postoperative complications.

STUDY DESIGN: A retrospective review of all 1- to 3-level primary posterior lumbar fusion cases

in the 2010-2014 National Surgical Quality Improvement Program registry was conducted. Propen-

sity scores for discharge destination were determined based on observable baseline patient charac-

teristics. Multivariable propensity-adjusted logistic regressions were performed to determine

associations between discharge destination and postdischarge complications, with adjusted odds

ratios (OR) and 95% confidence intervals (CI).

RESULTS: A total of 18,652 posterior lumbar fusion cases were identified, 15,234 (82%) were

discharged home, and 3,418 (18%) were discharged to continued inpatient care. Multivariable pro-

pensity-adjusted analysis demonstrated that being discharged to inpatient facilities was indepen-

dently associated with higher risk of thromboembolic complications (OR [95% CI]: 1.79

[1.13�2.85]), urinary complications, (1.79 [1.27�2.51]), and unplanned readmissions (1.43

[1.22�1.68]).

CONCLUSIONS: Discharge to continued inpatient care versus home after primary posterior lum-

bar fusion is independently associated with higher odds of certain major complications. To opti-

mize clinical outcomes as well as cost savings in an era of value-based reimbursements, clinicians

and hospitals should consider further investigation into carefully investigating which patients might

be better served by home discharge after surgery. © 2018 Elsevier Inc. All rights reserved.
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Introduction

Posterior lumbar fusion is one of the most common spine

procedures, with more than 140,000 procedures performed

in the United States in 2011 [1]. Between 1990 and 2001,

the rate of lumbar fusion surgery in the US increased over

200% [2]. Posterior lumbar fusion often requires an inten-

sive postoperative recovery period to manage care and

complications, with previous studies reporting that up to

29% of patients require an extended length of stay of 5 or

more days [3�5]. Patients are often discharged to inpatient

facilities for additional rehabilitation and inpatient monitor-

ing after their initial index hospitalization [6]. The dis-

charge destination of patients after posterior lumbar fusion

is an area of increasing study as it can reflect patients’ pre-

operative health, alter their recovery, and influence over-all

healthcare costs.

A recent Italian cost analysis study reported that the cost

of a lumbar fusion procedure increased 200% between 2001

and 2010 [7]. Prior work in other orthopaedic subspecialties

has shown that discharge destination after surgery is one of

the most important drivers of increased cost. After total hip

arthroplasty, postacute inpatient care can account for up to

36% of the total bundled costs of the index surgery [8].

Therefore in the arthroplasty community, there is a move-

ment to facilitate discharge to home for both improved out-

comes and decreased costs. This movement extends to all

areas of medicine, including spine surgery, and it is impor-

tant to understand whether all parts of a care episode, includ-

ing discharge destination, offer good value [9,10].

Prior reports have looked at discharge destination after

spinal fusion surgery and associated patient characteristics

for nonhome discharge destination. Through multivariate

analysis, female gender, increased comorbidity burden,

intraoperative complications, operative complexity or oper-

ative time, and hospital length of stay were all predictive

factors of a nonhome discharge destination [11�14]. How-

ever, these publications do not distinguish whether a non-

home discharge destination is an independent predictor of

postdischarge complications.

The current study presents a propensity-adjusted analy-

sis to better isolate the relationship between discharge desti-

nation and postdischarge complications, independent of

confounding patient specific factors. As a clinical trial of

inpatient or home discharge destination after lumbar fusion

is not logistically feasible, a retrospective propensity-

adjusted study with adequate statistical power to control for

preexisting confounding patient factors may provide valu-

able evidence to identify whether inpatient facility dis-

charge destination is independently associated with higher

complications. Using the large multicenter American Col-

lege of Surgeons National Surgical Quality Improvement

Program (NSQIP) database, the purpose of our study was to

determine the propensity-adjusted independent association

between discharge disposition and short-term postdischarge

outcomes [15,16].
Patients and methods

Data source

A retrospective review of the 2011-2014 American Col-

lege of Surgeons NSQIP database was conducted. This

database includes a systematic sampling of surgical patients

from over 350 US hospitals with clinical data prospectively

abstracted from operative reports, patient charts, and direct

patient questionnaires. Patients are followed for postopera-

tive complications and readmissions for 30 days after sur-

gery, irrespective of discharge date [17,18].
Study population

All patients undergoing 1- to 3-level primary posterior

spinal fusion were identified in the database using the Cur-

rent Procedural Terminology code 22612 (posterior or pos-

terolateral fusion) or 22630 (posterior interbody fusion).

The number of levels fused were identified by the presence

of modifier codes 22614 (posterior or posterolateral fusion)

and 22632 (posterior interbody fusion) for each additional

level fused. Therefore, if the modified code is repeated

more than 2 times, it indicates a fusion of >3 levels.

Patients with more than 3 levels fused, and those with miss-

ing data on age, gender, height, and weight were excluded.

In addition, emergency cases and those with nonclean

wound classifications were excluded as well.
Variables, outcome measures

Patient data collected from NSQIP included age, gender,

height, weight, American Society of Anesthesiologists

(ASA) score, anesthesia type, preoperative functional status

(independent or nonindependent), medical comorbidities,

discharge disposition, and 30-day complications. Body

mass index (BMI) was calculated from patient height and

weight, and stratified based on the World Health Organiza-

tion classification. The medical comorbidities included

congestive heart failure, previous percutaneous cardiac

intervention, previous cardiac surgery, hypertension requir-

ing medication, current smoker, dyspnea, congestive

obstructive pulmonary disorder, currently on dialysis,

stroke with or without deficits, diabetes, chronic corticoste-

roid use, and bleeding disorder. A modified Charlson

Comorbidity Index (CCI) was calculated based on baseline

comorbidities [19�21]. Discharge disposition is also

reported in NSQIP and was categorized as either home or

an inpatient facility. All complications reported in NSQIP

were evaluated. These are each defined by strict criteria

according to the NSQIP participant user file user guide and

reviewed by specially trained NSQIP clinical data

reviewers [17]. A composite outcome measure of “any

complications” was also assessed including occurrence of

any of the aforementioned complications.
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Statistical analysis

Outcomes were compared between the home dis-

charge and inpatient discharge populations using chi-

square tests for categorical data and Student t tests for

continuous data. To account for selection bias between

the discharge destination groups, a propensity score

model was used. This was defined as the conditional

probability of a patient being discharged to continued

inpatient care based on age, gender, obesity classifica-

tion, modified CCI, preoperative functional status, ASA

classification, number of levels fused, and the presence

of any predischarge classifications. A multivariable

logistic regression model was then adjusted using the

propensity score to determine the independent associa-

tion between discharge destination and our study out-

comes. Finally, predictors of discharge to continued

inpatient care were also determined using a second mul-

tivariable logistic regression, with nonhome discharge as

the primary outcome.

All statistical tests were 2-tailed and conducted using

SPSS 22 statistical software (IBM Corp., Armonk, NY,

USA). Caused by multiple hypothesis testing in the current

study, a Bonferroni correction was used to avoid type 1

error and determine the level of statistical significance for

each hypothesis test [22].
Table 1

Patient demographic characteristics, comorbidity burden, and predischarge compl

All patients Discharged

to home

N=18,652 N=15,234

Total 100.0% 81.7%

Female gender 55.3% 52.8%

Age group (years)

�65 61.7% 68.2%

66�75 26.7% 24.1%

>75 11.6% 7.7%

Obesity classification

Nonobese (�29.9 kg/m2) 51.5% 52.5%

Obese I (30�34.9 kg/m2) 26.6% 26.6%

Obese II (35�39.9 kg/m2) 13.8% 13.4%

Obese III (�40 kg/m2) 8.2% 7.5%

Modified CCI

0�3 68.1% 74.7%

4 21.5% 18.6%

5+ 10.4% 6.8%

Functional status

Independent 96.9% 97.6%

Nonindependent 3.2% 2.4%

ASA classification

1�2 51.6% 56.1%

3�4 48.4% 43.9%

Number of levels

1 66.7% 69.4%

2 28.2% 26.0%

3 5.1% 4.6%

Any predischarge complication(s) 5.7% 4.2%

CCI, Charlson comorbidity index; ASA, American society of anesthesiologists
Results

A total of 18,652 patients undergoing primary 1-, 2-, or

3-level posterior lumbar fusion were identified in 2010-

2014 NSQIP. Of those cases, 55.3% were female, 11.6%

were aged 75 or older, and 8.2% were obese class III

(Table 1). In addition, 10.4% of patients had a modified

CCI of 5 or greater and 48.4% had an ASA class of 3 or

greater, 33.3% had multilevel fusions, 3.2% had a noninde-

pendent baseline functional status, and 5.7% had a predis-

charge complication.

A total of 3,418 patients (18.3%) were discharged to

inpatient facilities after their hospitalization. These patients

were more likely to be female, older, functionally noninde-

pendent, have higher BMI classifications, higher ASA

class, greater modified CCI score, multilevel fusions, and

suffer predischarge complications (p<.001). After propen-

sity score adjustment, none of these differences were statis-

tically significant (p>.20, Table 1).

The over-all rate of postdischarge complications was

5.8% (Table 2). The most common complications were

unplanned hospital readmissions (5.2%) and unplanned

returns to the operating room (3.3%). All postdischarge

complications occurred at higher rates in patients dis-

charged to inpatient facilities in bivariate analysis. This dif-

ference was statistically significant (p<.001) for all
ication rates by discharge destination, with propensity score adjustment

Discharged to

inpatient facility

Unadjusted

p value

Propensity-adjusted

p value

N=3,418

18.3%

66.5% <.001 .784

<.001 .212

32.5%

38.6%

29.0%

<.001 .880

47.0%

26.4%

15.4%

11.3%

<.001 .209

38.9%

34.8%

26.3%

<.001 .809

93.4%

6.6%

<.001 .597

31.7%

68.3%

<.001 .767

54.9%

37.9%

7.2%

12.1% <.001 .729

.



Table 2

Postdischarge complications by discharge destination

All patients Discharged to home Discharged to inpatient facility p value

Complication N=18,652 N=15,234 N=3,418

Any complication(s) 5.83% 4.81% 10.39% <.001

Wound complications 1.94% 1.60% 3.48% <.001

Septic complications 0.63% 0.47% 1.32% <.001

Cardiac complications 0.12% 0.11% 0.18% .278

Respiratory complications 0.24% 0.20% 0.41% .026

DVT/PE 0.55% 0.43% 1.08% <.001

Urinary complications 0.94% 0.66% 2.19% <.001

Readmission 5.22% 4.59% 8.01% <.001

Return to OR 3.30% 2.77% 5.65% <.001

Death 0.08% 0.07% 0.12% .322

DVT, deep vein thrombosis; PE, pulmonary embolism; OR, operating room.

Note: Using the Bonferroni correction, the level of statistical significance is 0.005.

S. Khormaee et al. / The Spine Journal 19 (2019) 430�436 433
complications except for respiratory complications, cardiac

complications, and death.

In propensity-adjusted analysis, thromboembolic compli-

cations (odds ratio [OR] [95% confidence interval]: 1.79

[1.13�2.85]) had the greatest association with discharge to

inpatient facilities (Table 3). In addition, after propensity-

score adjustment, there was a statistically significant increase

in odds of urinary complications (1.79 [1.27�2.51], and

unplanned readmissions (1.43 [1.22�1.68]).

Finally, in multivariate analysis of predictors for dis-

charge to an inpatient facility, all factors tested had statisti-

cally significant associations (Table 4). Patients aged older

than 75 years had the strongest association with discharge

to an inpatient facility (2.99 [2.68�3.34]), followed by pre-

discharge complications (2.61 [2.27�3.01]), and modified

CCI�5 (2.09 [1.85�2.36]).
Discussion

The results of the current study showed that patients dis-

charged to inpatient facilities had higher rates of all compli-

cations measured. After propensity score adjustment for
Table 3

Propensity-adjusted multivariable logistic regression for postdischarge

complications, with adjusted odds ratios and 95% confidence intervals for

patients discharged to nonhome facility vs discharged to home

Complication Propensity-

adjusted OR

95% CI p value

Any complication(s) 1.24 1.06�1.46 .009

Wound complications 1.24 0.95�1.62 .113

Septic complications 1.10 0.71�1.73 .664

Cardiac complications 1.13 0.40�3.20 .825

Respiratory complications 1.28 0.62�2.63 .507

DVT/PE 1.79 1.13�2.85 .014

Urinary complications 1.79 1.27�2.51 .001

Readmission 1.43 1.22�1.68 <.001

Return to OR 0.82 0.65�1.02 .079

Death 0.39 0.09�1.62 .195

DVT: deep vein thrombosis, PE: pulmonary embolism, OR: operating

room.

Complications with a p value <0.05 were highlighted in bold font.
confounding factors, discharge to inpatient facilities was

still associated with increased thromboembolic complica-

tions, urinary complications, and unplanned readmissions.

Although there is no existing literature that may explain

these findings, one hypothesis may be that the additional

immobility associated with bed rest in a postacute care

facility, and the exposure to other potentially sick patients

increases the risk of both thromboembolism and infections.

Although urinary complications are usually easily man-

aged and not severe, thromboembolic events can be a

source of significant morbidity after spine surgery. In 1

large cohort of over 27,000 patients undergoing spine sur-

gery, including anterior and posterior lumbar and cervical

fusions, as well as stand-alone lumbar laminectomy and

stand-alone lumbar discectomy, the overall venous throm-

boembolism (VTE) rate was 1%. However, among patients

suffering from VTEs, the mortality rate was 5% compared

with 0.3% over-all [23]. This study found that BMI>40,

age>80 years, and longer operative time were independent

predictors of deep vein thrombosis. Similarly, increased

BMI, operative time, and male sex were independent pre-

dictors of pulmonary embolism (PE) [23]. Another large

cohort study from Japan of over 47,000 spine surgery

patients identified a pulmonary embolism rate of <1%, but

of those patients the mortality rate was 8% [24]. This study
Table 4

Multivariable logistic regression for predictors of being discharged to non-

home facility

Characteristic OR 95% CI p value

Age�75 2.99 2.68�3.34 <.001

Any predischarge complication(s) 2.61 2.27�3.01 <.001

Modified CCI�5 2.09 1.85�2.36 <.001

ASA�3 2.08 1.91�2.27 <.001

Nonindependent functional status 2.05 1.69�2.49 <.001

Female gender 1.84 1.69�2.00 <.001

Multilevel surgery 1.73 1.60�1.88 <.001

Obese III (BMI�40 kg/m2) 1.40 1.22�1.60 <.001

CCI, Charlson comorbidity index; ASA, American society of anes-

thesiologists; BMI, body mass index.
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found that older patients (>70) and those with a diagnosis

of trauma had higher risk for PE. The authors focused on a

wide variety of spinal surgeries including anterior cervical

fusion, posterior cervical fusion, and lumbar surgery with

and without instrumentation [24]. In the current study,

patients discharged to an inpatient facility after lumbar

spine fusion had an over-all postdischarge thromboembo-

lism rate of 1%, compared with 0.4% in patients discharged

to home. Even after propensity-score adjustment for factors

that may predispose patients to nonhome discharge, includ-

ing BMI, sex, age, and comorbidity burden, this was associ-

ated with increased thromboembolic events, with an OR of

1.79. Of note, we combined deep vein thrombosis and PE

into a rate of thromboembolic events, because clinical con-

troversy still remains as to which entity is the more critical

postoperative complication [25,26]. We also focused spe-

cifically on lumbar fusion surgery.

Discharge to inpatient facilities was also associated with

increased 30-day readmissions. These patients had an over-

all readmission rate of 8% compared with 4.6% of patients

who were discharged to home. Although this finding has

not previously been found in spine surgery patients, a recent

analysis of Medicare claims data revealed that after total

knee arthroplasty discharge to both inpatient rehabilitation

and skilled nursing facilities was associated with increased

odds of both 30-day (OR: 1.44, 1.40) and 90-day (OR:

1.48, 1.45) readmissions [27]. This was after controlling for

factors such as age, sex, race, disability, medical comorbid-

ities, intensive care unit time, hospital length of stay, and

previous admissions. In a similar propensity-adjusted study

of 101,256 primary total knee arthroplasty cases from the

NSQIP registry, continued inpatient care was independently

associated with a 1.81 OR of readmissions as well [28].

In contrast to our results, a previous study of 34,000

patients reported that discharge to inpatient rehabilitation

after elective spine surgery was associated with fewer post-

operative readmissions [29]. However, this study did not

differentiate between different types of spine surgery and

included patients undergoing long thoracolumbar fusions,

cervical fusions, or smaller lumbar decompressions. In the

current study, patients underwent only 1-, 2-, and 3- level

lumbar spine fusions. Thus, conflicting findings may result

from differing patient populations with differing postopera-

tive rehabilitation requirements.

In our current value-focused healthcare climate, postop-

erative readmissions are increasingly being used as a qual-

ity metric used to determine hospital and surgical

reimbursements. As a result, a significant amount of

research is now focused on risk factors for readmission. A

recent study of over 2,000 patients undergoing elective pos-

terior lumbar fusion found that the over-all rate of

unplanned readmissions was 5%, and was associated with

extended length of stay, diabetes mellitus, and bleeding dis-

orders [30]. Another study of Medicare patients undergoing

posterior lumbar fusion found that 3% were readmitted

within 30 days and that this was associated with smoking,
chronic obstructive pulmonary disease, and obesity [31]. In

addition, Niedermeier et al. reviewed 107 cases of single-

level posterior lumbar fusion and found that in bivariate

testing, discharge to inpatient rehabilitation was associated

with increased age, obesity, medical comorbidities, and pri-

vate insurance (compared with Medicare) [11]. Best et al.

found that in a large cohort of over 1.9 million patients

from the National Hospital Discharge Survey undergoing

lumbar fusion for degenerative disc disease, nonhome dis-

charge disposition was associated with age, inpatient com-

plications, and a number of specific medical comorbidities,

the strongest predictors being age �65 years and congestive

heart failure [12]. Aldebeyan et al. found that of 15,000

patients undergoing posterior or anterior lumbar spinal

fusion, 18% were discharged to a facility other than home

[13]. A number of risk factors were associated with non-

home discharge including older age, female sex, medical

comorbidities, inpatient complications, length of stay, and

levels of surgery, with ASA�4 and length of stay�5 days

being the strongest risk factors.

Similarly, in the current study, several risk factors were

associated with discharge to inpatient facilities. Although

all risk factors tested were found to have an independent

association with discharge to an inpatient facility, age >75

years had the strongest association with an OR of 2.99.

Other risk factors included inpatient complications, medical

comorbidities, female gender, multilevel surgery, and obe-

sity. Although these are not novel findings with the existing

body of research reviewed above, they do confirm that the

risk factors included in the propensity score calculation and

adjustment were appropriate. Therefore, in the primary

analysis of the independent effect of discharge to inpatient

facilities on postoperative outcomes, confounding factors

predisposing to nonhome discharge to inpatient facilities

were appropriately controlled.

Although many of these preexisting risk factors are not

modifiable perioperatively, discharge disposition may be 1

factor associated with readmissions that can be modified,

and the question emerges whether patients should be

increasingly discharged home postoperatively. The costs

and benefits of this have previously been demonstrated in

the field of arthroplasty where home-based rehabilitation

has been shown to cost USD 15,000 less than discharging

the same patient to inpatient rehabilitation [32,33]. An

extended inpatient length of stay of up to 5 additional days

after total hip and total knee surgery has been shown cost-

effective compared with inpatient rehabilitation [34,35].

Perioperative clinical care pathways and social work plan-

ning may also improve the rate of home discharge as well.

However, the question remains whether rehabilitation

provides improved long-term outcomes in patients. This

has yet to be shown after spine fusion surgery. However,

studies have shown that patient outcomes are not worse

with decreased use of inpatient rehabilitation. After incor-

poration of a bundled payments payment model at 1 aca-

demic medical center it was found that discharge to
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postacute care facilities dropped from 40% to 30% with no

increase in readmission [36]. Similarly a study across all

inpatient admissions at 135 hospitals participating in a new

bundled payment model found that hospitals vary signifi-

cantly in regards to total costs per episode of care, but the

largest driver for these differences was postacute care [37].

The current study is not without its limitations. First,

NSQIP is a large national database that is subject to the

same limitations found in all large datasets. Although

NSQIP employs specially trained surgical clinical

reviewers to prospectively collect data through conduct

chart review and patient interviews and adheres to

strict clinical definitions for medical comorbidities and

inpatient complications, there remains a potential for data

collection errors. This rate is expected to be low for NSQIP

compared with other large national datasets, with only 2 of

30 data elements having >5% disagreement rate between

reviewers and an over-all interrater disagreement rate of

less than 2% [38]. Additionally, NSQIP performs quality

control checks at participating institutions, and excludes

and addresses areas of disagreement >5%. In addition,

although propensity score adjustment was used to control

for certain confounding factors, it is likely that additional

confounding factors exist that could not be accounted for in

a database study, including socioeconomic factors and

home social support.

In conclusion, discharge to inpatient facilities after lum-

bar spine surgery is independently associated with

increased thromboembolic complications, urinary compli-

cations, and 30-day readmissions, after propensity score

adjustment to control for confounding factors documented

in the literature. Although there certainly will be a subset of

patients who require a higher level of continued inpatient

care, our results suggest that further postoperative pathways

that focus on increasing safe discharges to home when pos-

sible may result in both decreased complications and

decreased costs, improving the societal value of lumbar

fusion procedures.
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