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Introduction

Anterior cervical discectomy and fusion (ACDF) is one 
of the most common procedures done for management 
of degenerative pathology of the cervical spine. With 
excellent outcomes and low complication rates (1), it is 

widely regarded as the gold-standard treatment for cervical 
spondylosis. Literature has reported an 800% increase in 
the total number of ACDF cases from 1990–2004 which 
are expected to rise even further (2,3). With a shift toward 
value-based and bundled payment models of healthcare, 
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there has been increasing interest in identifying areas of 
cost reduction. 

Post-acute care (PAC) has been found to be a significant 
driver of cost-variation in bundled reimbursements for 
spinal fusions made to hospitals, with reports showing up 
to 39% variation in payments (4). It appears that multiple 
factors such as surgeon/patient preference as well as a lack 
of PAC guidelines lead to variation in utilization. Past 
arthroplasty literature has concluded that the use of such 
post-acute care facilities are not associated with improved 
outcomes (5,6). With regard to spine surgeries, current 
evidence is scant and limited. Cook et al explored the impact 
of post-discharge care and outcomes following lumbar spine 
surgery, and have concluded the negative impact of post-
acute rehabilitation services such as inpatient rehabilitation 
units, skilled care facilities, long term-hospitals and home-
health services on 30-day re-admissions (7). Given the 
limitations of administrative database research, such as 
the inability to control for confounding factors such as 
prior functional status, as well as a gap in the knowledge 
with regards to the impact of discharge destination on 
post-discharge outcomes in cervical fusion, there is need 
for further research aimed at understanding outcomes of 
patients discharged to these facilities so that appropriate 
pre-operative planning can be done to minimize poor 
outcomes and consequently excess healthcare costs. 

We sought to collate evidence using a large national 
multi-center surgical database to assess the clinical 
impact of continued post-discharged inpatient care 
(skilled care facility or inpatient rehabilitation unit) on 
30-day complications, readmissions and mortality after 
elective ACDF.

Methods

Database

This was a retrospective study done using the 2015–2016 
American College of Surgeons (ACS)—National Surgical 
Quality Improvement Program (NSQIP) database. The 
ACS-NSQIP database collects surgical information from 
more than 500 hospitals across the United States. Data is 
recorded for more than 150 preoperative, intra-operative 
and post-operative variables up to 30 days following the 
operation. The data are collated by trained surgical and 
clinical reviewers with audit reports showing an inter-
reviewer disagreement rate of below 2% (8). 

Current Procedural Terminology (CPT) codes for ACDF 

(CPT-22551, 22552) were used to identify patients from 
the database. Only elective ACDFs being done for ≤3 levels 
were included in the study. Patients undergoing additional 
posterior cervical spine procedures (instrumentation, 
laminectomy, laminotomy, etc.) were excluded from the 
analysis. In addition, patients undergoing surgery for 
cervical fracture, malignancy and spinal deformity were 
also excluded. Finally data were filtered to remove missing 
variables and prevent any confounding in analysis. A total 
of 15,624 patients were finally included for descriptive and 
statistical analysis.

Definition of variables studied

For baseline clinical characteristics and demographics 
of the study population, the following variables were 
collected—age (dichotomized into <65 and ≥65 years of 
age), gender, race (White, African-American, American 
Indian or Alaska Native, Native Hawaiian or Pacific and 
Unknown/Not reported), body mass index (BMI), co-
morbidities, type of anesthesia used (general vs. other), 
location of surgery (inpatient vs. outpatient), American 
Society of Anesthesiologists (ASA) class, transfer status 
(Home, acute care hospital/inpatient, outside emergency 
department, nursing home and other), quarter of admission 
(January-March, April-June, July-September and October-
December), number of levels fused (single- vs. 2- vs. 3-level), 
total operative time (0–90, 91–150 and >150 min) and 
length of stay (<3 vs. ≥3 days). 

Discharge disposition was defined as discharge to 
skilled-care or rehabilitation vs. home. Those patients 
being discharged to other destinations such as acute-care 
hospitals, unskilled facilities and assisted living facilities 
were excluded from the analysis to ensure that the results 
are relevant to the objective of the study. 

Thirty-day complications that were studied included 
wound complications [superficial surgical site infection 
(SSI), deep SSI and organ space SSI], cardiac complications 
(myocardial infarction and cardiac arrest), respiratory 
complications (pneumonia, unplanned intubations 
and post-operative ventilator requirement >48 hours), 
thromboembolic complications [deep venous thrombosis 
(DVT)] and pulmonary embolism (PE) sepsis related 
complications (sepsis or septic shock), renal complications 
(acute renal failure and progressive renal insufficiency), 
urinary tract infection (UTI), and stroke. Another 
variable defined as “any complication” was created 
that recorded the presence of at least one of the above 
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mentioned complications in 30-day post-surgery period. 
All complications were separately identified during index 
hospital stay (pre-discharge) and after discharge to nursing 
care/rehabilitation (post-discharge) to allow for adjusted 
analysis. Thirty-day readmissions, unplanned re-operations 
and mortality were also analyzed as part of our study.

Statistical analysis

Baseline clinical characteristics were described using 
descriptive statistics.

To identify significant predictors, Pearson-Chi square 
test was used to conduct crude analysis to assess for 
variables significantly associated with discharge to skilled 
care/rehabilitation. All significant factors with a P value of 
less than 0.1 were then entered into a multivariate logistic 
regression model. All variables with a P value of less than 
0.05 following adjustment were considered significant 
predictors for a discharge to skilled-care/rehabilitation. 

To assess the clinical impact of discharge to skilled-
care or rehabilitation facility on post-operative outcomes, 
unadjusted analysis to assess significant associations from 
discharge to skilled-care/rehabilitation were conducted 
using Pearson-Chi Square analysis. For each variable with 
a P value of less than 0.1, a separate multivariate backward 
elimination logistic model was set up to assess the impact 
of discharge destination on post-operative outcome while 
adjusting for all baseline clinical characteristics. 

Results

A total of 15,624 patients were included in the study after 
applying the appropriate inclusion and exclusion criteria. 
Baseline clinical characteristics are shown in Table 1. A 
majority of the patients were below the age of 65 years 
(N=12,521; 80.1%). The study population was equally 
divided between male (N=7,706; 49.3%) and female 
(N=7,918; 50.7%) patients. A majority of the procedures 
were single-level (N=8,037; 51.4%) followed by 2-level 
(N=6,694; 42.8%) and 3-level (N=893; 5.7%). Around 
90% (N=14,071) of patients had a LOS <3 days. A total of 
459 patients (2.9%) were discharged to a skilled-care or 
rehabilitation facility. 

Predictors of discharge to skilled-care or rehabilitation facility

Unadjusted analysis for significant predictors is shown in 
Table 1. Following adjusted analysis, an age of ≥65 years  

(OR =2.50; 95% CI: 1.97–3.17; P<0.001), Black or African-
American race (OR =1.40; 95% CI: 1.04–1.88; P=0.025), 
partially dependent (OR =5.66; 95% CI: 3.58–8.94; 
P<0.001) or totally dependent (OR =84.5; 95% CI: 
14.4–496.8; P<0.001), a LOS ≥3 days (OR 17.7; 95% 
CI: 13.9–22.7; P<0.001), a total operative time >150 min  
(OR =1.49; 95% CI: 1.09–2.06; P=0.013), ASA grade > II 
(OR =1.91; 95% CI: 1.47–2.47; P<0.001) and inpatient 
surgery (OR =2.12; 95% CI: 1.31–3.42; P=0.002) were 
significant predictors associated with a discharge to skilled 
care or rehabilitation facility (Table 2). The area under curve 
(AUC) of the regression model was 0.908 (95% CI: 0.89–
0.92) indicating a high predictive probability. 

Clinical impact of discharge to skilled-care or rehabilitation 
facility

Unadjusted analysis for significant associations between 
discharge to skilled care or rehabilitation and occurrence of 
post-operative complications is shown in Table 3. Following 
adjustment for pre-operative, operative and post-operative 
factors from Table 1, using separate backward elimination 
logistic regression models for each variable, discharge to 
skilled care or rehabilitation was an independent significant 
risk factor for renal complications (OR =8.22; 95% CI: 
1.84–36.7; P=0.006) (Table 4) and 30-day readmissions  
(OR =1.63; 95% CI: 1.09–2.42; P=0.016) (Table 5). Both 
models had good predictive probability with an AUC of 0.88 
and 0.72 for renal complications and 30-day re-admissions, 
respectively. 

Discussion

The current study’s results show that a discharge to a 
skilled-care or rehabilitation facility is associated with higher 
odds of developing post-discharge renal complications and 
30-day readmissions. This study also identifies significant 
predictors associated with discharge to a skilled-care or 
rehabilitation facility following ACDF. We found that older, 
sicker and minority patients with a prolonged duration of 
surgery were more likely to be discharged to skilled-care or 
rehabilitation facility.

With bundled payments becoming a major key player in 
elective spine surgeries in the near future (9), it is necessary 
to identify clinical outcomes in health-care areas, such as 
post-acute care, which have been shown to be major drivers 
for cost-variations in episode payments (4). Despite studies 
reporting a steady increase in discharge to skilled nursing 
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Table 1 Baseline demographics of study population (variables with a P value <0.1 entered into a logistic model)

Variable Home Skilled-care/rehab P value

Demographics

Age (years, average 58.8±14.2) <0.001

<65 12,295 (81.1) 226 (49.2)

≥65 2,870 (18.9) 233 (50.8)

Gender 0.232

Male 7,467 (49.2) 239 (52.1)

Female 7,698 (50.8) 220 (47.9)

Race <0.001

White 12,325 (81.3) 323 (70.4)

Black or African-American 1,496 (9.9) 84 (18.3)

Asian 269 (1.8) 9 (2.0)

American Indian or Alaska Native 109 (0.7) 3 (0.7)

Native Hawaiian or Pacific 43 (0.3) 2 (0.4)

Unknown/not reported 923 (6.1) 38 (8.3)

Body mass index (BMI) (kg/m2) 0.065

≤24.9 2,922 (19.3) 88 (19.2)

25.0–29.9 5,012 (33.0) 148 (32.2)

30.0–35.0 4,016 (26.5) 104 (22.7)

>35.0 3,215 (21.2) 119 (25.9)

Co-morbidities

Diabetes <0.001

Insulin-dependent diabetes mellitus (IDDM) 821 (5.4) 62 (13.5)

Non-insulin dependent diabetes mellitus 
(NIDDM)

1,553 (10.2) 70 (15.3)

Smoker within past year 4,121 (27.2) 89 (19.4) <0.001

Dyspnea 0.001

At rest 696 (4.6) 38 (8.3)

At moderate exertion 42 (0.3) 1 (0.2)

Functional status <0.001

Independent 14,975 (98.7) 394 (85.8)

Partially dependent 123 (0.8) 54 (11.8)

Totally dependent 3 (~0) 7 (1.5)

Unknown 64 (0.4) 4 (0.9)

Ventilator dependent 1 (~0) 0 (0) 0.862

History of severe COPD 641 (4.2) 48 (10.5) <0.001

Ascites 2 (~0) 0 (0) 0.806

Table 1 (continued)
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Table 1 (continued)

Variable Home Skilled-care/rehab P value

Congestive heart failure (CHF) 20 (0.1) 4 (0.9) <0.001

Hypertension (HTN) requiring medication 6,825 (45.0) 294 (64.1) <0.001

Pre-operative dialysis 17 (0.1) 3 (0.7) 0.001

Chronic steroid use 509 (3.4) 22 (4.8) 0.094

Bleeding disorders 157 (1.0) 11 (2.4) 0.005

Pre-op transfusion 0 (0) 1 (0.2) <0.001

Prior history of systemic sepsis 0.977

Prior sepsis 1 (~0) 0 (0)

SIRS 29 (0.2) 1 (0.2)

>10% weight loss in last 6 months 11 (0.1) 2 (0.4) 0.008

Acute renal failure (ARF) 2 (~0) 0 (0) 0.806

Disseminated cancer 7 (~0) 1 (0.2) 0.109

Pre-operative factors

Location <0.001

Inpatient 10,675 (70.4) 438 (95.4)

Outpatient 4,490 (29.6) 21 (4.6)

American Society of Anesthesiologists (ASA) class <0.001

≤II 8,905 (58.7) 121 (26.4)

>II 6,260 (41.3) 338 (73.6)

Transferred from <0.001

Home 15,141 (99.8) 444 (96.7)

Acute hospital care (inpatient) 18 (0.1) 3 (0.7)

Nursing home 1 (0) 8 (1.7)

Outside emergency department (ED) 3 (~0) 1 (0.2)

Other 2 (~0) 3 (0.7)

Quarter of admission 0.236

January to March 3,866 (25.5) 112 (24.4)

April to June 3,567 (23.5) 114 (24.8)

July to September 3,752 (24.7) 128 (27.9)

October to December 3,980 (26.2) 105 (22.9)

Operative factors

Number of levels fused 0.063

1 level 7,819 (51.6) 218 (47.5)

2 level 6,489 (42.8) 205 (44.7)

3 level 857 (5.7) 36 (7.8)

Table 1 (continued)
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Table 1 (continued)

Variable Home Skilled-care/rehab P value

Total operative time (min) <0.001

0–90 5,365 (35.4) 82 (17.9)

91–150 6,223 (41.0) 162 (35.3)

>150 3,577 (23.6) 215 (46.8)

Type of anesthesia 0.457

General (GA) 15,070 (99.4) 456 (99.3)

Regional 32 (0.2) 0 (0)

Other 63 (0.4) 3 (0.7)

Post-operative factors

Length of stay (days) <0.001

<3 13,949 (92.0) 122 (26.6)

≥3 1,216 (8.0) 337 (73.4)

Any pre-discharge complication 65 (0.4) 48 (10.5) <0.001

Pre-discharge wound complication 4 (~0) 1 (0.2) 0.024

Pre-discharge respiratory complication 40 (0.3) 36 (7.8) <0.001

Pre-discharge renal complication 2 (~0) 0 (0) 0.806

Pre-discharge cardiac complication 18 (0.1) 7 (1.5) <0.001

Pre-discharge thromboembolic complication 7 (~0) 6 (1.3) <0.001

Pre-discharge sepsis 1 (~0) 3 (0.7) <0.001

Pre-discharge urinary tract infection (UTI) 5 (~0) 8 (1.7) <0.001

Pre-discharge stroke 0 (0) 4 (0.9) <0.001

facilities (SNF) for post-acute care, little is known about 
their outcomes (10). Furthermore, a 2006-based study 
reported that around 24% of Medicare beneficiaries are 
re-admitted back to the hospital following discharge to a 
skilled-nursing facility, with a total cost burden for these 
unplanned re-hospitalizations amounting to $4 billion 
USD (11). Though arthroplasty literature has shown no 
functional benefit in the use of post-acute care facilities 
vs. home-based care, recent spine surgery pertinent 
investigations have shown that inpatient rehabilitation 
programs may improve functional dependence measures 
and discharge rate to the home/community (12).  

We found 8.6% of patients who were discharged to a 
skilled-care facility or rehabilitation were re-admitted to 
the hospital within 30 days, with a significant association 
present between discharge to skilled-care/rehab facility and 
re-admission rate. The current study’s findings following 

post-acute care is similar to that reported for lumbar fusion 
surgeries by Cook et al. (7). Though studies on post-
discharge outcomes are limited in spine literature, other 
surgical literature has reported similar findings of SNF 
discharge negatively impacting re-admissions (10,11,13). 
However, it is imperative to keep in mind the variation 
in the nature of surgical procedures within the studies. 
Fernandes-Taylor et al. assessed 30-day readmissions 
and mortality among Medicare beneficiaries discharged 
to SNF following an abdominal aortic aneurysm (AAA) 
repair or lower extremity re-vascularization (13). Similarly, 
Ottenbacher et al. reported that around 12% of patients 
who were discharged to a rehabilitation facility following 
acute hospitalization for stroke, lower extremity fracture, 
joint replacement, debility, neurologic disorders and 
brain dysfunction were re-admitted, with 50% of those 
cases occurring within 11 days following discharge (14). 
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Regardless, given that 30-day readmissions are now 
commonly tied with regard to hospital metrics the findings 
of the study are particularly important from a health-care 
economic point-of-view (15).

A possible reason for the current study’s finding could 
be due to variation in the quality of care being provided for 
in skilled-care facilities across the country (16). Moreover, 
recent studies have mentioned that often patients are not 
given quality-of-care data about SNF when discharged from 
hospitals (17). Therefore, the quality of care being provided 
in these facilities may have a bearing on the length of stay, 
complications and return to function/community. Future 
interventions for improving quality and metrics of nursing 
care facilities with implementation of uniform infection 

Table 2 Independent demographic, pre-operative, operative and 
post-operative factors associated with skilled-care/rehab discharge 
after adjusted analysis [area under operating curve (AUC) 0.908 
(95% CI, 0.89–0.92)]

Variable
Odds ratio (OR) 

(95% CI)
P value

Age (years)

<65 Ref –

≥65 2.50 (1.97–3.17) <0.001

Race

White Ref –

Black or African-American 1.40 (1.04–1.88) 0.025

Asian 1.29 (0.60–2.79) 0.513

American Indian or Alaska 
Native

0.82 (0.22–3.05) 0.761

Native Hawaiian or Pacific 1.44 (0.29–7.04) 0.654

Unknown/not reported 1.10 (0.73–1.65) 0.648

Functional health status

Independent Ref –

Partially dependent 5.66 (3.58–8.94) <0.001

Totally dependent 84.5 (14.4–496.8) <0.001

Unknown 0.92 (0.28–3.09) 0.936

American Society of 
Anesthesiologists (ASA) > II

1.91 (1.47–2.47) <0.001

Transfer status

Home Ref –

Acute hospital care (inpatient) 1.20 (0.25–5.80) 0.774

Nursing home 92.7 (6.7–1291.7) 0.001

Outside emergency 
department 

2.99 (0.25–36.1) 0.387

Other 10.8 (0.92–127.2) 0.058

Length of stay (days)

<3 Ref –

≥3 17.7 (13.9–22.7) <0.001

Total operative time (min)

0–90 Ref –

91–150 1.10 (0.81–1.51) 0.531

>150 1.49 (1.09–2.06) 0.013

Status

Inpatient 2.12 (1.31–3.42) 0.002

Outpatient Ref –

Table 3 Crude analysis of complications associated with discharge 
to skilled care/rehab (variables with a P value <0.1 were entered into 
individual logistic models)

Post-discharge complication Skilled-care/rehab (%) P value

Any complication 21 (4.6) <0.001

Wound complication 5 (1.1) 0.051

Respiratory complication 4 (0.9) 0.023

Renal complication 3 (0.7) <0.001

Cardiac complication 1 (0.2) 0.227

Thromboembolic 
complication

2 (0.4) 0.374

Sepsis 6 (1.3) <0.001

Urinary tract infection (UTI) 10 (2.2) <0.001

Stroke 0 (0) 0.697

Death 3 (0.7) <0.001

30-day readmissions 40 (8.7) <0.001

Unplanned reoperations 35 (7.6) <0.001

Table 4 Adjusted analysis for factors associated with renal 
complications after discharge [area under operating curve (AUC) 
0.88 (95% CI, 0.75–1.00)]

Variable Odds ratio (95% CI) P value

Age ≥65 years 4.44 (1.02–19.4) 0.048

Pre-operative bleeding disorder 21.4 (3.89–116.9) <0.001

General anesthesia 0.01 (0.0–0.07) <0.001

Discharge to skilled care/rehab 8.22 (1.84–36.7) 0.006
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prevention protocols may be beneficial.
Another plausible explanation to these findings can be 

partly explained by the continued exposure to health-care 
workers, due to a high “monitoring” effect seen in inpatient 
care facilities. As Strosberg suggested (18), one way of 
combating this “monitoring” effect is to prioritize a discharge 
to home without the need of skilled-health monitoring. 
Regardless, the findings stress the need for pre-operative 
medical and discharge optimization in high-risk patients to 
ensure discharge destination is appropriately met according 
to their needs without increasing the risk of re-admissions.  

Though previous studies have explored predictors of 
discharge destination following elective ACDFs they have 
primarily compared outcomes between home vs. non-
home discharge (19). Considering the different types of 
facilities in the non-home group as well as the differences 
in the quality of care and types of patients being catered to 
in each, the current study effectively focuses on discharges 
to skilled-care and rehabilitation only. We noticed that 
older patients (age ≥65 years) and Black/African-American 
patients were 2.5 and 1.4 times more likely to be discharged 
to a skilled-care or rehabilitation facility following surgery. 
This finding is similar to past orthopaedics and general 
surgery literature (10,20-22).

A partially dependent or totally dependent functional 

health status was associated with a higher risk of discharge to 
skilled-care. This is to be expected given that these patients 
have difficulty mobilizing and would require rehabilitation 
facility use following surgery (23). In addition, these patients 
may also require continuing medical care as compared to 
normal active patients (24,25). However, Di Capua et al. 
in their study state that poor functional health status may 
be linked to myelopathy and can be a common presenting 
feature in patients undergoing ACDF (19). Myelopathy is 
known to significantly affect activities of daily living (26). 
More importantly, myelopathy in chronic cases can also 
impact functioning of vital organ systems as well. Toyoda 
et al. showed that expiratory flow may be impaired or 
incomplete in patients with chronic cervical myelopathy (27).  
This is particularly important as these patients are more 
likely to require intensive care following surgery.

The prolonged operative time as a significant predictor 
for skilled-care or rehabilitation following surgery could be 
partly explained by the complexity and/or severity of the 
case. However, NSQIP does not contain granular data with 
regard to clinical and radiological severity of the diseases to 
allow comparison of severity of disease. 

There are some limitations to our analysis.  First, ACS-
NSQIP records data only up to 30 days after surgical 
procedure, precluding analysis of longer-term outcomes. 
Second, it does not record data specific to extended care 
facilities, such as the time spent in in-patient care facilities 
and subsequent rates of successful discharge to community. 
We did not have information about socioeconomic and 
insurance statuses of patients as these have been known 
impact discharge disposition. Finally, majority of the 
hospitals in NSQIP are academic medical centers and 
therefore, the findings may not be uniformly generalized on 
a national level. 

Conclusions

Despite these limitations, our findings are the first to 
show that discharge to skilled-care/rehabilitation facility 
are negatively associated with 30-day readmissions and 
complications. Early identification and optimization of 
such patients may not only be helpful in reducing hospital 
length of stay, but also allow care-givers to pre-operatively 
risk stratify patients to ensure utilization of post-discharge 
skilled-care and rehabilitation facilities in patients, when 
absolutely required, to positively influence the quality, and 
eventually the cost of care after elective ACDF. 

Table 5 Adjusted analysis for factors associated with re-admissions 
after discharge [area under operating curve (AUC) 0.72 (95% CI, 
0.68–0.75)]

Variable Odds ratio (95% CI) P value

Gender (male) 1.28 (1.06–1.54) 0.012

Age ≥65 years 1.51 (1.21–1.87) <0.001

Non-insulin dependent DM 1.84 (1.34–2.48) <0.001

Smoking 1.24 (1.00–1.54) 0.047

Dyspnea at rest 1.54 (1.10–2.15) 0.012

ASA > II 1.65 (1.34–2.04) <0.001

Operative time 91–150 min 1.35 (1.03–1.69) 0.011

LOS >3 days 1.43 (1.08–1.89) 0.014

Inpatient surgery 1.33 (1.04–1.71) 0.023

Pre-discharge 
thromboembolic complication

6.22 (1.80–21.5) 0.004

Discharge to skilled  
care/rehab

1.63 (1.09–2.42) 0.016
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