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Objective: The purpose of this study was to evaluate factors associated with inpatient ad-
mission following 2-level cervical disc arthroplasty (CDA). A secondary aim was to com-
pare outcomes between those treated on an inpatient versus outpatient basis. 
Methods: Using data from the American College of Surgeons National Surgical Quality Im-
provement Program database, multivariate logistic regression analysis was used to assess 
the independent effect of each variable on inpatient or outpatient selection for surgery. Sta-
tistical significance was defined by p-values <0.05. The factors considered were age, sex, 
body mass index (BMI), smoking status, American Society of Anesthesiologists physical 
status classification, and comorbidities including hypertension, diabetes, history of dys-
pnea or chronic obstructive pulmonary disease, previous cardiac intervention or surgery, 
steroid usage, and history of bleeding. In addition, whether the operation was performed 
by an orthopedic or neurosurgical specialist was analyzed. 
Results: The number of 2-level CDA procedures increased from 6 cases reported in 2014 to 
142 in 2016, although a statistically significant increase in the number of outpatient cases 
performed was not seen (p=0.2). The factors found to be significantly associated with inpa-
tient status following surgery were BMI (p=0.019) and diabetes mellitus requiring insulin 
(p=0.043). There were no significant differences in complication and readmission rates be-
tween the inpatient and outpatient groups. 
Conclusion: Patients undergoing inpatient 2-level CDA had significantly higher rates of 
obesity and diabetes requiring insulin than did patients undergoing the same procedure in 
the outpatient setting. With no difference in complication or readmission rates, 2-level 
CDA may be considered safe in the outpatient setting in appropriately selected patients.
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INTRODUCTION

The overall rates of cervical spine surgeries in general as well 
as those performed on an outpatient basis have increased sig-
nificantly in recent years.1-4 Despite well documented increases 
in the rates of medical comorbidities in patients undergoing 
cervical procedures, there has been a simultaneous decrease in 
complication rates,1-3 potentially allowing for more of these pro-

cedures to be performed in an ambulatory setting. However, 
given the increases in comorbidities as well as the nature of cer-
vical procedures, routine inpatient admission following surgery 
is still common.

Cervical disc arthroplasty (CDA) is an operation which has 
been gaining popularity largely due to widely reported good 
clinical outcomes and low complication rates. There now exists 
a strong body of literature, including multiple meta-analyses, 
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which demonstrates both safety and efficacy of the procedure.5-12 
In addition, the preservation of motion provided by arthroplas-
ty has been shown to reduce the incidence of adjacent segment 
disease,13 increasing its attractiveness as a surgical option in an 
appropriately selected patient. 

With the continued push to decrease costs, the spectrum of 
procedures performed on an outpatient basis has widened, now 
often including multilevel cervical fusions and arthroplasties. 
While the outcomes of 2-level CDA are comparable to single 
level procedures,14 less is known specifically regarding which 
factors allow for outpatient 2-level surgery to be performed. 
The purpose of this study therefore was to evaluate which fac-
tors were associated with inpatient admission following 2-level 
CDA. A secondary aim was to compare outcomes between those 
patients treated on an inpatient versus outpatient basis. 

MATERIALS AND METHODS

1. Electronic Database
For this study, the American College of Surgeons National 

Surgical Quality Improvement Program (ACS NSQIP) data-
base was queried from 2014 through 2016 (Table 1). The ACS 
NSQIP database is a prospectively collected database that con-
tains preoperative, intraoperative and 30-day follow-up data on 
major surgical procedures from several hundred hospitals in 
the United States. A trained surgical clinical reviewer is respon-

Table 1. Multilevel cervical disc arthroplasty cases

Year Outpatient Inpatient Total

2014   0   6     6

2015 28 50   78

2016 48 94 142

Table 2. Population demographics

Variable Outpatient Inpatient p-value

No. of cases 76 150

Age (yr) 46.72 ± 8.62 47.44 ± 10.50 0.754

   < 40 18 (38.3) 29 (61.7) 0.538

   40–60 54 (34.2) 104 (65.8) 0.903

   > 60 4 (19.0) 17 (81.0) 0.172

Sex 0.221

   Male 49 (64.5) 84 (56.0)

   Female 27 (35.5) 66 (44)

BMI (kg/m2) 29.03 ± 5.55 31.41 ± 6.58 0.019*

   Normal (18.5–24.9) 16 (21.1) 19 (12.7) 0.100

   Underweight ( < 18.5) 0 (0) 0 (0)

   Overweight (25–29.9) 33 (43.4) 56 (37.3) 0.376

   Obese – Class I (30–34.9) 17 (22.4) 37 (24.7) 0.702

   Severely obese – Class II (35–39.9) 6 (7.9) 27 (18) 0.043*

   Morbidly obese – Class III ( ≥ 40) 3 (3.9) 9 (6.0) 0.506

BMI data not available 1 (1.3) 2 (1.3)

Current smoker (within 1 yr) 23 (30.3) 36 (24) 0.311

Transfer status 0.600

   Admitted from home 0 (0) 1 (0.7) 0.383

   Nursing home – chronic care – intermediate care 76 (100) 148 (98.7) 0.319

   From acute care hospital inpatient 0 (0) 1 (0.7) 0.383

Preoperative hematocrit (%) 42.86 ± 3.46 42.33 ± 5.44 0.504

Values are presented as mean ± standard deviation or number (%).
BMI, body mass index.
*p < 0.05.
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sible for data collection at each site, and patients are followed 
via mail, telephone calls and medical chart reviews. Data are 

entered online in a Health Insurance Portability and Account-
ability Act-compliant, secure, web-based platform that can be 
accessed 24 hours a day.15 The NSQIP has been reported to have 
a high success rate in recording outcomes and an interrater reli-
ability of agreement on reported outcomes of greater than 95%.16 
Because the NSQIP is a national anonymized database, this study 
was deemed exempt from review by the local Institutional Re-
view Board.

Patients older than 18 years of age who underwent 2-level 
CDA were included from the database. Patients were selected 
on the basis of having a current procedural terminology (CPT) 
code for a single level arthroplasty (22856) as well as the code 
for an additional disc arthroplasty (22858). It was not deemed 
necessary to exclude revision surgeries as they are commonly 
performed on an outpatient basis as well.

2. Extracted Data
Patient data included inpatient versus outpatient performance 

of surgery, patient age at the time of surgery, sex, body mass in-

Table 3. Comorbidities

Variable Outpatient Inpatient p-value

Obesity (BMI ≥ 30 kg/m2) 26 (34.7) 73 (49.3) 0.037*

Diabetes mellitus 0.122

   No diabetes 72 (94.7) 134 (89.3) 0.179

   Diabetes not requiring insulin 4 (5.3) 8 (5.3) 1.000

   Diabetes requiring insulin 0 (0) 8 (5.3) 0.042*

Hypertension 16 (21.1) 40 (26.7) 0.356

Dyspnea (on moderate exertion) 2 (2.6) 1 (0.7) 0.223

History of severe COPD 1 (1.3) 1 (0.7) 0.623

Disseminated cancer 0 (0) 1 (0.7) 0.476

Steroid use for chronic condition 2 (2.6) 1 (0.7) 0.223

Bleeding disorder 2 (2.6) 1 (0.7) 0.223

Values are presented as number (%).
BMI, body mass index; COPD, chronic obstructive pulmonary disease.
*p < 0.05.

Table 4. Operative and postoperative parameters

Variable Outpatient Inpatient p-value

Surgical specialty 0.080

   Orthopedic surgery 30 (39.5) 42 (28)

   Neurosurgery 46 (60.5) 108 (72)

Elective surgery 76 (100) 143 (95.3) 0.056

ASA physical status classification 0.699

   I 6 (7.9) 8 (5.3)

   II 53 (69.7) 104 (69.3)

   III 17 (22.4) 38 (25.3)

   IV 0 (0) 0 (0)

   V 0 (0) 0 (0)

Total operation time (min) 131.34 ± 43.56 147.65 ± 56.41 0.017*

Wound classification 0.159

   Clean 75 (98.7) 150 (100)

   Clean/contaminated 1 (1.3) 0 (0)

Length of hospital stay (day) 0.84 ± 0.49 1.58 ± 1.64 < 0.001*

Days from operation to discharge 0.84 ± 0.49 1.41 ± 0.83 < 0.001*

Discharge destination 0.723

   Home 75 (98.7) 146 (97.3)

   Skilled care, not home 1 (1.3) 3 (2)

   Rehabilitation 0 (0) 1 (0.7)

Values are presented as mean ± standard deviation or number (%).
ASA, American Society of Anesthesiologists. 
*p < 0.05.
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dex (BMI), height and weight, smoking status, American Soci-
ety of Anesthesiologists (ASA) physical status classification, 
and selected comorbidities including hypertension requiring 
medication, diabetes, history of dyspnea or chronic obstructive 
pulmonary disease (COPD), previous cardiac intervention or 
surgery, steroid usage and history of a bleeding disorder (Tables 
2, 3). In addition, whether the surgery was performed by an or-
thopedic or neurosurgical specialist was analyzed as well. Short-
term outcomes data included readmission, complications which 
occurred during the initial hospitalization, length of stay (LOS) 
and discharge disposition (Table 4). 

All analyses were performed using the IBM SPSS Statistics 
ver. 25.0 (IBM Co., Armonk, NY, USA). Comparisons between 
groups were performed using Student t-tests for continuous 
variables and chi-square or Fisher exact tests for frequencies. 
Multivariate logistic regression analysis was used to assess the 
independent effect of each variable on inpatient or outpatient 
selection for surgery. Statistical significance was defined with a 
p-value set at < 0.05.

RESULTS

A total of 226 cases, 76 performed on an outpatient basis and 
150 performed on an inpatient basis were included in this study. 
The number of 2-level CDA procedures increased from 6 cases 
reported in 2014 to 142 in 2016, although a statistically signifi-
cant increase in the number of outpatient cases performed was 
not shown (p= 0.2). 

The 2 factors which were found to be significantly associated 
with inpatient status following surgery were BMI and diabetes 
mellitus requiring insulin. Inpatients had a higher BMI (p=0.019) 
at 31.41± 6.58 kg/m2 (range, 19.65–64.17 kg/m2) compared to 
outpatients at 29.03 ± 5.55 kg/m2 (range, 19.34–46.44 kg/m2). 
Inpatients were also more likely to obese, at 49.3% vs. 34.7% of 
outpatients (p= 0.037), and more likely to have a history of dia-
betes requiring treatment with insulin, at a rate of 5.3% com-
pared to 0% for outpatients (p= 0.043). 

Sex (p= 0.221), smoking status, (p= 0.311), hypertension (p=  
0.356), history of COPD (p=0.623), reported dyspnea (p=0.223), 
steroid use (p= 0.223), disseminated cancer (p= 0.476), history 
of a bleeding disorder (p= 0.223) and preoperative hematocrit 
(p= 0.504) were not associated with either inpatient or outpa-
tient treatment. Differences based on age were not found to be 
statistically different, and while patients 60 or older were less 
likely to be treated as outpatients (19% vs. 33.6%, overall), this 
value did not reach significance (p= 0.172). Likewise, patients 

under 40 were not more likely to be treated as outpatients (p=  
0.538). 

ASA physical status classification (p= 0.699) and wound clas-
sification (p = 0.159) were not significantly different between 
the inpatient and outpatient groups. 

One hundred fifty-four (68 % of the reported cases) were per-
formed by a neurosurgeon, with 70.1% of those being inpatient, 
and 72 (32% of the reported cases) were performed by orthope-
dic surgeons, with 58.3% of those being inpatient. However, 
whether the surgery was performed by a neurosurgeon or or-
thopedic surgeon did not affect performance of surgery on an 
inpatient or outpatient basis (p= 0.80). 

The total operative time (in minutes) was statistically signifi-
cant between the 2 groups (p= 0.017), with the outpatient group 
having a mean operative time of 131.34± 43.56 minutes (range, 
56–252 minutes) and the inpatient group, 147.65± 56.41 min-
utes (range, 49–314 minutes).

The postoperative LOS for the outpatient group was 0.84± 0.49 
days (range, 0–2 days), while that for the inpatient group was 
1.41± 0.83 days (range, 0–4 days) (p< 0.0001).

There were no significant differences in complication (Table 
5) and readmission rates (between the inpatient and outpatient 
groups, with there being 1 wound disruption (p= 0.476), 1 un-
planned intubation (p= 0.476), 1 unplanned return to the oper-
ating room (p=0.476), and 5 unplanned readmissions (p=0.107) 
in the inpatient group and none in the outpatient group (Tables 
6, 7). 

Table 5. Complications and readmissions

Variable Outpatient Inpatient p-value

Wound disruption 0 (0) 1 (0.7) 0.476

Unplanned Intubation 0 (0) 1 (0.7) 0.476

Return to operating room 0 (0) 1 (0.7) 0.476

   Unplanned 0 (0) 1 (0.7) 0.476

   Planned 0 (0) 0 (0)

Any readmission 0 (0) 5 (3.3) 0.107

   Unplanned 0 5 -

      Related to the principal procedure 0 4 -

   Planned 0 0 -

Values are presented as number (%). 
No patients had superficial surgical site infection (SSI), deep SSI, or-
gan space SSI, pneumonia, pulmonary embolism, failure to wean off 
the ventilator for > 48 hours, progressive renal insufficiency, acute 
renal failure, urinary tract infection, cerebrovascular accident/stroke 
with neurological deficit, cardiac arrest requiring cardiopulmonary 
resuscitation, myocardial infarction, bleeding requiring transfusion, 
deep vein thrombosis/thrombophlebitis, sepsis or septic shock.
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No patients had superficial surgical site infection (SSI), deep 
SSI, organ space SSI, pneumonia, pulmonary embolism, failure 
to wean off the ventilator for > 48 hours, progressive renal in-
sufficiency, acute renal failure, urinary tract infection, cerebro-
vascular accident/stroke with neurological deficit, cardiac arrest 
requiring cardiopulmonary resuscitation, myocardial infarction, 
bleeding requiring transfusion, deep vein thrombosis/throm-
bophlebitis, sepsis or septic shock.

DISCUSSION

In this study it was determined that BMI, specifically BMI 
which is at or above the obese level and diabetes mellitus requir-
ing treatment with insulin were preoperative variables which 
were significantly associated with inpatient 2-level CDA. While 
it was not possible to determine whether these were planned 
inpatient stays or if they were unanticipated admissions follow-
ing scheduled outpatient surgery, the findings do highlight cer-
tain factors which are important to consider in the preoperative 
setting. Given the potential for postoperative complications in-
cluding airway compromise from postoperative hematoma or 
soft tissue swelling, patient safety is of primary concern. While 
we cannot conclude that obesity or diabetes are directly related 

to patient safety, it remains important to identify all factors which 
may affect ability to perform surgeries safely in the outpatient 
setting. Likewise, while other factors such as age, BMI, presence 
of bleeding disorders or ASA physical status classification are 
frequently involved in preoperative planning, they may not sig-
nificantly impact whether or not 2-level surgery may be per-
formed in the outpatient setting. 

In addition, the absence of a significant difference in short-
term complications and readmissions between the inpatient 
and outpatient groups shows that multilevel cervical disc re-
placement performed on an outpatient basis is indeed safe. 

The ability to provide safe and effective outpatient surgery is 
of particular importance, as there are significant reductions in 
cost when patients are able to be discharged home the same 
day. In a study from 2010, Wohns17 found that the cost of an in-
patient 1-level CDA was nearly 6 times higher than the same 
procedure performed in the outpatient setting, without a differ-
ence in complication rates. Similarly, multiple studies of both 
CDA and anterior cervical discectomy and fusion (ACDF) in-
dicate that single and multilevel procedures can be safely per-
formed in the outpatient setting without increases in complica-
tions.10,18-21 Granted the 2 procedures are different, the patient 
populations and many technical aspects of the operations are 

Table 6. Details of complications 

No. Complication POD Additional notes

1 Unplanned Intubation   0

2 Wound disruption 21 No return to the operating room

3 Return to operating room 22 Unplanned reoperation
CPT code: 22551 (anterior cervical discectomy and fusion)
Related to initial procedure
ICD 10 code: T84.216A (breakdown (mechanical) of internal fixation device of vertebrae, initial 

encounter)

POD, postoperative day; CPT, Current Procedural Terminology; ICD-10, International Statistical Classification of Diseases and Related Health 
Problems 10th Revision.

Table 7. Details of readmissions

No. POD Planned/ 
unplanned

Related to principal 
procedure ICD 10

1   3 Unplanned No F11.29 (opioid dependence with unspecified opioid induced disorder) and R11.2 
(nausea and vomiting, unspecified)

2 19 Unplanned Yes Not mentioned

3   3 Unplanned Yes R07.89 (Other chest pain)

4   2 Unplanned Yes ICD 9 CM: 784.2 (swelling, mass, or lump in head and neck)

5 10 Unplanned Yes ICD 9 CM: 708.8 (other specified urticarial)

POD, postoperative day; ICD-10, International Statistical Classification of Diseases and Related Health Problems 10th Revision; ICD 9 CM, 
International Classification of Diseases, Ninth Revision, Clinical Modification.
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similar, with reasonable conclusions to be drawn from both. 
Specifically regarding CDA, it is likely that its widespread pop-

ularity will continue to grow, furthering the importance of be-
ing able to safely perform the procedure in the outpatient set-
ting. For many years, ACDF has been the mainstay of treatment 
for symptomatic cervical disease, however more recently stud-
ies have demonstrated superior outcomes for CDA. There have 
been may published studies, including multiple meta-analyses 
of direct comparisons between the 2 procedures that have shown 
that CDA appears to result in better function, lower reoperation 
rates, lower complication rates, better improvements in neuro-
logical success, greater motion preservation, lower rates of adja-
cent segment disease, shorter lengths of stay, and without dif-
ferences in health state utility values.5-9,11-13,22-24 In light of these 
findings, it is clear that CDA will remain a common and preva-
lent procedure, further highlighting the substantial reductions 
in costs able to be achieved with a better understanding of how 
to plan for outpatient surgery. 

This study is not without limitations. First, the nature of ret-
rospectively reviewed database studies does not allow for the 
elimination of bias. The lack of randomization of patients itself 
creates bias, as does the variability of many factors involving the 
settings in which the surgeries took place. In addition, it is not 
possible to account for surgeon experience and preference dur-
ing planning of the surgeries or for hospital or surgery center 
policies. Similarly, differences in preoperative diagnoses can ac-
count for differences between groups. Since in this study patients 
were selected on the basis of CPT code, it is unclear whether 
certain preoperative diagnoses would have affected one or more 
outcomes or the inpatient versus outpatient nature of the pro-
cedure. Likewise, it is beyond the scope of the study to deter-
mine whether patients were selected for outpatient operations 
based on certain diagnoses but rather than to report on which 
diagnoses were associated with either inpatient or outpatient 
performance of surgery. Finally, there was some overlap between 
the lengths of stay in both groups, indicating that not all patients 
with planned outpatient procedures were discharged on the day 
of surgery, however it was not possible to determine specific 
causes of inpatient admission in these individual cases. Despite 
these limitations though, the large number of variables reported 
by the NSQIP database and its high reporting accuracy allow 
for a wide variety of patient and operative factors to be studied 
for a given procedure oftentimes identifying previously unknown 
findings. 

CONCLUSION

There was no difference in the complications rates between 
the 2 groups, thus showing that outpatient multilevel CDA is as 
safe as and more cost-effective than an inpatient procedure, 
therefore, it may be possible to more effectively plan for outpa-
tient surgery and improve cost effectiveness. Larger prospective 
studies are warranted to better delineate which factors would 
allow for outpatient performance of surgery, and which factors 
may necessitate inpatient admission.
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