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Introduction

Patients with herniated discs, mild spondylosis and 
degenerative disc disease resulting in radiculopathy and 
retro-discal myelopathy without facet arthrosis, instability, 

ossifying diseases or other contraindications can be treated 
surgically with either cervical disc arthroplasty (CDA) or the 
gold standard procedure of anterior cervical discectomy and 
fusion (ACDF). While there are a number of prospective, 
randomized multi-center studies that have compared the two 
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procedures, all of these involved company-selected surgeons 
who likely were chosen because they were highly proficient 
at both procedures. It remains unclear whether procedure 
type impacts perioperative outcomes when the procedures are 
performed by “average” spine surgeons. Recent studies have 
suggested that CDA is a safe and effective alternative to the 
standard ACDF procedure for symptomatic cervical disease 
with respect to postoperative function, pain relief, global 
health status, and development of adjacent segment pathology 
(1-4). While these studies demonstrated slightly greater benefit 
in pain reduction after arthroplasty (5), we seek to investigate 
differences in perioperative outcomes including hospital 
readmission rate, length of stay, rate of return to the operating 
room, mortality, and other complications between CDA  
and ACDF. 

Herein, we present a retrospective analysis of the 
American College of Surgeon’s National Surgical Quality 
Improvement Program (NSQIP) database to determine 
differences in 30-day postoperative outcomes between 
single-level CDA and ACDF. The NSQIP reports data 
from 517 hospitals and includes over 150 variables. 
NSQIP is the only database developed and validated by 
surgeons, and it includes preoperative demographics and 
comorbidities, intraoperative data points, and 30-day 
morbidity and mortality (6). In addition, the surgeons who 
performed the procedures were not a pre-selected group 
chosen by companies that market the devices. Therefore, 
it may be a more accurate reflection of outcomes following 
total disc arthroplasty in the general population than what 
was reported in FDA-IDE trials or by spine surgeons who 
publish their results, who may be more experienced than 
the typical spine surgeon. Unlike other datasets, outcome 
data is reported by site-specific surgical clinical reviewers 
instead of insurance claims, lending to its accuracy. Inter-
observer disagreement of the dataset is less than 5% (6,7). 

Methods

The ACS NSQIP is de-identified and was therefore 
deemed exempt by our institutional review board. We 
identified 3,975 patients who underwent either primary 
single-level ACDF or CDA from 2010–2014 through a 
retrospective analysis of the American College of Surgeons 
NSQIP database by utilizing unique Current Procedural 
Terminology (CPT) codes. The CPT code 22551 was 
used for ACDF procedures, and the CPT code 22856 
was used for CDA procedures. Before the year 2011, 
ACDF procedures were identified by CPT codes 22554 

and 63075. Given the strict indications for CDA, cases 
involving fractures, tumors, emergent cases, and patients 
with preoperative compromised wounds were excluded 
from the analysis, in order to create a more homogenous 
cohort. Similarly, concomitant posterior cervical, thoracic, 
or lumbar surgery cases were excluded to isolate single-level 
ACDF and CDA procedures.

Patient age, gender, postoperative diagnosis, American 
Society of Anesthesiology Physical Status Classification score 
(ASA), preoperative laboratory values, and preoperative 
comorbidities were obtained in addition to perioperative 
outcome data. The preoperative comorbidities included 
hypertension requiring medication, history of severe chronic 
obstructive pulmonary disease, diabetes requiring insulin 
or oral medication, congestive heart failure within 30 days 
prior to surgery, renal disease requiring dialysis, current 
smoking within 1 year of surgery, active corticosteroid 
use, and history of bleeding disorders. Preoperative 
lab abnormalities were utilized for analysis: hematocrit 
<33%, white blood cell count (WBC) >12,000 cells/mcL,  
creatinine (CR) >1.5 mg/dL, albumin (Alb) <3 g/dL, and 
platelets (Plt) <100,000/mcL. 

Primary outcomes of interest included surgical and 
medical complications, length of hospital stay (LOS), 
unplanned readmission, return to operating room, and 
mortality all occurring within 30 days of the initial 
procedure. The surgical and medical complications were 
separated into major and minor complication groups. Major 
complications included pulmonary embolism, deep venous 
thrombosis, perioperative myocardial infarction, deep 
infection, sepsis, septic shock, cerebrovascular accident, 
acute renal failure, progressive renal insufficiency, and 
pulmonary events (pneumonia, ventilator use greater than 
48 hours, and failure to wean or unplanned intubation). 
Minor complications included perioperative blood 
transfusion within 72 hours of surgery, superficial surgical 
incisional site infection, and urinary tract infection. 

Statistical analysis

Propensity score-matching was utilized to create a more 
homogenous cohort by closely matching the two groups 
of patients in a paired 1:1 fashion, reducing both selection 
bias and pre-surgical differences in patient characteristics. 
Unadjusted univariate analysis was performed to determine 
whether patient characteristics or outcomes differed 
by case type; with Chi-squared or Fisher’s exact testing 
employed for categorical variables and independent sample 



643

J Spine Surg 2017;3(4):641-649© Journal of Spine Surgery. All rights reserved. jss.amegroups.com

Journal of Spine Surgery, Vol 3, No 4 December 2017

t-test employed for continuous data. For characteristics 
and outcomes that demonstrated statistically significant 
associations (any P value <0.05), odds ratios (OR) in a 
multivariate model were utilized to control for covariates 
and determine risk-adjusted relationships between primary 
outcomes of interest and patient characteristics. Propensity 
score-matched and multivariate analyses allow for a more 
accurate evaluation of treatment effects by minimizing 
inherent patient differences. Findings were considered 
statistically significant when P<0.05. Analysis was conducted 
using IBM SPSS Statistics Version 24. 

Results

A total of 3,975 patients were identified in the ACS NSQIP 

search from 2010–2014. Of the 3,975 patients, 3,322 
(83.6%) underwent single-level ACDF and 653 (16.4%) 
underwent single level CDA. A propensity score-matched 
analysis produced a paired cohort of 1,305 patients with 
652 (50.0%) in the ACDF group and 653 (50.0%) in the 
CDA group. The average age for patients in the CDA and 
ACDF groups were 44.6±9.7 and 46.9±11.3 years, P<0.001. 
There was no significant difference in the number of female 
patients in the ACDF group compared to the CDA group 
(44.6% vs. 46.1%, P=0.596). There were a larger number 
of current smokers in the ACDF group (33.0% vs. 22.4%, 
P<0.001) and patients with elevated white blood cell counts 
(6.2% vs. 2.7%, P=0.005) when compared to the CDA 
group. All other preoperative patient characteristics were 
similar between the groups (Table 1). 

Table 1 Univariate analysis of propensity-score matched ACDF vs. CDA

Patient characteristics ACDF CDA P value

Number of procedures, n (%) 652 (50.0) 653 (50.0) –

Age 46.9±11.3 44.6±9.7 <0.001

Female, n (%) 291 (44.6) 301 (46.1) 0.596

Total number of patients with myelopathy, n (%) 467 (71.6) 96 (14.7) <0.001

ASA category, n (%)

ASA 1 71 (10.9) 90 (13.8) 0.177

ASA 2 454 (69.6) 453 (69.4)

ASA 3 127 (19.5) 110 (16.8)

Comorbidities, n (%)

Diabetes 37 (5.7) 27 (4.1) 0.198

Hypertension 153 (23.5) 128 (19.6) 0.089

COPD 7 (1.1) 5 (0.8) 0.560

Corticosteroid use 14 (2.1) 6 (0.9) 0.071

Bleeding disorder 1 (0.2) 2 (0.3) 1.000

Current smoker 215 (33.0) 146 (22.4) <0.001

Preoperative lab abnormalities, n (%)

Elevated creatinine >1.5 8 (1.5) 4 (0.8) 0.300

Elevated white blood cell count >12 35 (6.2) 14 (2.7) 0.005

Low albumin <3 1 (0.5) 1 (0.6) 1.000

Low hematocrit <33 12 (2.1) 9 (1.7) 0.602

Low platelets <100 1 (0.2) 3 (0.6) 0.358

ACDF, anterior cervical discectomy and fusion; CDA, cervical disc arthroplasty; ASA, American Society of Anesthesiology Physical Status 
Classification score; COPD, chronic obstructive pulmonary disease.
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ACDF procedures were performed more often for 
patients with myelopathy (71.6% vs. 14.7%, P<0.001). 
Displacement of cervical intervertebral disc without 
myelopathy and degeneration of cervical intervertebral 
disc were the most common postoperative diagnoses for 
which CDA procedures were performed. Contrastingly, 
cervical spondylosis with myelopathy and intervertebral 
disc disorder with myelopathy accounted for the majority of 
ACDF procedures (Table 2). Other less common diagnoses 
included cervical spinal stenosis and cervical spondylosis 
without myelopathy, and brachial neuritis/radiculitis. 

Major and minor complications were similar between 
the groups (Table 3). However, ACDF procedures were 
associated with a significantly longer LOS (14.8±2.3 vs. 
1.1±1.0 days, P=0.034) and a higher rate of unplanned 
readmissions (1.8% vs. 0.2%, P=0.002) when compared to 
CDA procedures. 

The multivariate analysis noted several associations 
between outcomes of interest and patient characteristics 
(Tables 4,5). Increased LOS after ACDF cases persisted 
in the multivariate model [OR, 4.21; 95% confidence 
interval (CI), 1.29–13.73, P=0.017]. Furthermore, elevated 
ASA scores (OR, 2.85; 95% CI, 1.28–6.37; P=0.011), 
preoperative anemia (OR, 6.82; 95% CI, 1.49–31.30; 
P=0.013), and elevated white blood cell count (OR, 
4.34; 95% CI 1.49–12.62; P=0.007) were also associated 
with increased length of stay. Additionally, unplanned 
readmission was found to be significantly associated with 

the ACDF cohort in the multivariate analysis (OR, 12.17; 
95% CI, 1.16–127.23; P=0.037). No other preoperative 
patient characteristics were significantly associated with an 
increase in 30-day unplanned readmission. 

Discussion

Select patients with mild spondylosis, stenosis, or 
intervertebral disc disorders stand to benefit from 
surgical intervention with ACDF or CDA. In ACDF, 
neural decompression and spinal stabilization is achieved 
with disc removal and fusion of the two vertebrate (8). 
The elimination of motion through fusion is thought to 
increase stress across adjacent disc spaces, contributing 
to pathology at adjacent segments (9,10). CDA was 
developed to preserve natural segmental motion and spinal 
biomechanics in the hope of avoiding the complications 
of nonunion and adjacent segment disease associated with 
ACDF. Despite many articles comparing ACDF and CDA, 
the risk of perioperative complications, adjacent segment 
pathology, and reoperation at the index level is still widely 
debated. Additionally, while there are several prospective, 
randomized multi-center studies that have compared 
ACDF and CDA, all of these have involved company-
selected surgeons who were likely chosen because they 
were highly proficient at both types of procedures. By 
utilizing prospectively acquired national outcome data, 
our study sought to investigate the demographic profiles 
and perioperative outcome differences between ACDF and 
CDA procedures performed by “average” spine surgeons.

In our study, we found that ACDF procedures were 
associated with a significantly longer hospital LOS and an 
increased rate of unplanned readmission after controlling 
for preoperative patient differences via propensity score-
matching and multivariate analyses. Additionally, elevated 
ASA classification, preoperative anemia, and elevated WBC 
were similarly associated with an increase in LOS. No 
other patient characteristics showed a significant impact on 
unplanned readmission.

Due to  increased length of  s tay  and resul tant 
readmission, complications after spine surgery can be both 
devastating and costly. Previous studies have suggested 
that insulin dependence, chronic steroid use, obesity, and 
operative time were independent risk factors for spinal 
surgical complications (11,12). Furthermore, increased 
age, more extensive operations, medical deconditioning, 
increased body mass index (BMI), bleeding disorders, 
and non-independent mobilization were independently 

Table 2 Preoperative diagnoses

Diagnosis, n (%) ACDF (N=652) CDA (N=653)

Displacement of cervical 
intervertebral disc without 
myelopathy

35 (5.4) 249 (38.1)

Intervertebral disc disorder with 
myelopathy cervical region

192 (29.4) 53 (8.1)

Cervical spondylosis with 
myelopathy

275 (42.2) 43 (6.6)

Cervical spondylosis without 
myelopathy

58 (8.9) 59 (9.0)

Spinal stenosis in cervical region 1 (0.2) 17 (2.6)

Degeneration of cervical 
intervertebral disc

18 (2.8) 69 (10.6)

Brachial neuritis or radiculitis 52 (8.0) 32 (4.9)

ACDF, anterior cervical discectomy and fusion; CDA, cervical 
disc arthroplasty.
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Table 3 Perioperative outcomes

Outcome ACDF (N=652) CDA (N=653) P value

Length of stay (days) 2.3±14.8 1.1±1.0 0.034

Unplanned readmission 12 (1.8) 1 (0.2) 0.002

30-day return to OR 5 (0.8) 2 (0.3) 0.288

Mean operation time (minutes) 117.9±64.8 107.5±47.0 0.001

Major in-hospital complications, n (%)

≥1 major complication 10 (1.5) 6 (0.9) 0.313

Pulmonary embolism 0 (0.0) 1 (0.2) 1.000

Deep venous thrombosis 1 (0.2) 0 (0.0) 0.500

Myocardial infarction 1 (0.2) 0 (0.0) 0.500

Deep incisional SSI occurrences 2 (0.3) 0 (0.0) 0.249

Pneumonia 1 (0.2) 0 (0.0) 0.500

Unplanned re-intubation 1 (0.2) 3 (0.5) 0.624

Mortality 0 (0.0) 0 (0.0) –

Stroke 0 (0.0) 0 (0.0) –

Cardiac arrest requiring CPR 0 (0.0) 0 (0.0) –

Sepsis postoperatively 0 (0.0) 0 (0.0) –

Septic shock 0 (0.0) 0 (0.0) –

Organ/space infection occurrences 0 (0.0) 0 (0.0) –

Ventilator >48 hours 0 (0.0) 0 (0.0) –

Hospital stay >30 days 0 (0.0) 0 (0.0) –

Acute renal failure postoperatively 0 (0.0) 0 (0.0) –

Progressive renal insufficiency 0 (0.0) 0 (0.0) –

Minor in-hospital complications, n (%)

Perioperative blood transfusion 4 (0.6) 1 (0.2) 0.218

Superficial incisional infection 3 (0.5) 2 (0.3) 0.687

Urinary tract infection 4 (0.6) 0 (0.0) 0.062

Hematoma 1 (0.2) 0 (0.0) 0.500

ACDF, anterior cervical discectomy and fusion; CDA, cervical disc arthroplasty; OR, odds ratios; CPR, cardiopulmonary resuscitation.

associated with a length of stay of greater than 3 days 
after spine surgery (13). Time in the operating room and 
duration of hospital admission are directly related to health 
care costs and risk of surgical morbidity. In a randomized 
controlled trial of the BRYAN cervical disc replacement 
and ACDF, Zhang et al. reported that the CDA group had 
a significantly longer operation time, but equivalent length 
of stay (14). Similarly, Phillips et al. showed a significantly 

longer operation time, but decreased length of stay (15). In 
a recent meta-analysis of thirteen randomized controlled 
trials, the CDA group had longer operative times, but 
similar length of stay in the hospital (16). The longer 
operative times are likely due to the increased complexity 
of the arthroplasty procedure, as well as the surgeon 
learning curve for a relatively new operation. More recent 
data suggest that both ACDF and CDA can be safely and 
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effectively performed in an outpatient setting without any 
increased untoward complications (17). Our data found 
a clinically insignificant difference in operative times 
between the groups, but corroborates the prior reports 
suggesting that CDA limits LOS. Moreover, increased ASA 
grade, anemia, and leukocytosis were each associated with 
increased length of stay. 

Unplanned readmission to the hospital is related to a 
complex interaction between many critical aspects of patient 

care, including prevention of complications, coordinated 
disposition plans, and care transition. Prior studies have 
shown a direct correlation of hospital readmission rate 
and the quality of health care delivered (18). The effect of 
preoperative comorbidities and risk of complications in 
spinal surgery is well-documented throughout the literature, 
especially in cases involving degenerative spondylolisthesis 
and adult deformity (19,20). In our analysis, single-level 
ACDF procedures were associated with a significantly 

Table 4 Multivariate analysis of predictors for increased length of stay

Coefficient OR SE 95% CI P value

CDA (Reference)

ACDF 4.21 0.60 1.29 13.73 0.017

Myelopathy category

Absence of myelopathy (Reference)

Myelopathy diagnosis 1.32 0.54 0.46 3.79 0.605

ASA category

ASA 1 & 2 (Reference)

ASA 3 & 4 2.85 0.41 1.28 6.37 0.011

Age

<60 (Reference)

≥60 0.68 0.66 0.19 2.49 0.566

Sex

Male (Reference)

Female 0.61 0.39 0.28 1.32 0.213

Comorbidities

Lack of specified comorbidity (Reference)

Diabetes 2.33 0.58 0.75 7.18 0.142

Hypertension 0.64 0.47 0.25 1.61 0.342

Corticosteroid use 2.57 0.74 0.60 11.06 0.205

Current smoker 0.40 0.49 0.15 1.04 0.060

Preoperative lab abnormalities

Normal specific lab (Reference)

Elevated white blood cell count 
>12

4.34 0.54 1.49 12.62 0.007

Low hematocrit <33 6.82 0.78 1.49 31.30 0.013

Elevated creatinine >1.5 0.98 1.28 0.08 12.09 0.989

ACDF, anterior cervical discectomy and fusion; CDA, cervical disc arthroplasty; OR, odds ratios; CI, confidence interval; SE, standard 
error; ASA, ASA, American Society of Anesthesiology Physical Status Classification score.
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greater number of unplanned hospital readmission, even 
after controlling for preoperative patient characteristic 
differences. Careful analysis of comorbidities is essential 
in the preoperative surgical discussion of potential 
complications in patients undergoing either ACDF  
or CDA.

A recent Cochrane Review found that, while small in 
magnitude, results are statistically in favor of arthroplasty 
for single-level disease with regards to arm pain, neck 
pain, neck-related function, and global health status (21). 
However, while there is data supporting a trend towards 

better functional outcomes in CDA procedures, revision 
procedures of CDA show greater incidence of perioperative 
wound infection, higher cost, and greater LOS compared 
with revision ACDF by virtue of the increased invasiveness 
of the revision CDA procedure (22). Therefore, surgeon 
skill and familiarity with the procedure must be considered 
when choosing CDA. Similar to other studies, we report 
that the risk of major and minor complications with 
primary, single-level ACDF and CDA are comparable 
when preoperative characteristics are controlled and 
surgeons are not pre-selected by companies that market the  

Table 5 Multivariate analysis of predictors for unplanned readmission

Coefficient OR SE 95% CI P

CDA (Reference)

ACDF 12.17 1.20 1.16 127.23 0.037

Myelopathy category

Absence of myelopathy (Reference)

Myelopathy diagnosis 0.71 0.87 0.13 3.91 0.695

ASA category

ASA 1 & 2 (Reference)

ASA 3 & 4 1.18 0.76 0.27 5.26 0.823

Age

<60 (Reference)

≥60 1.98 0.77 0.44 8.94 0.377

Sex

Male (Reference)

Female 1.10 0.64 0.31 3.84 0.884

Comorbidities

Lack of specified comorbidity (Reference)

COPD 8.78 1.47 0.49 157.16 0.140

Hypertension 2.06 0.70 0.52 8.20 0.305

Diabetes 1.23 0.98 0.18 8.31 0.834

Corticosteroid use 3.73 1.17 0.37 37.21 0.262

Current smoker 0.54 0.82 0.11 2.68 0.449

Preoperative lab abnormalities

Normal hematocrit (Reference)

Hematocrit <33 2.76 1.38 0.18 41.67 0.463

ACDF, anterior cervical discectomy and fusion; CDA, cervical disc arthroplasty; OR, odds ratios; CI, confidence interval; SE, standard 
error; ASA, ASA, American Society of Anesthesiology Physical Status Classification score.
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devices (14-16,23).
Many of the limitations of this study are due to the 

intrinsic limitations of large patient databases. The 
NSQIP database restricts information to outcomes and 
complications that occur within 30 days of surgery, limiting 
the scope of complications that could be measured. Inherent 
to a large study, the surgeries were performed by a large 
variety of surgeons, allowing for differences in surgical 
technique and potential indication bias. 

Throughout the literature, inconsistent reporting on 
complications and a lack of standardized outcome measures 
prevent a perfect comparison of CDA and ACDF. The use 
of a nationally recognized database mitigates the variability 
in outcome measures. The strength of this study is due 
to the size, scope, and accuracy of the NSQIP database, 
in which dedicated clinical reviewers at hundreds of 
institutions report data directly from patient charts. Since 
the database collects data at a national level, this analysis 
is applicable to the population as a whole. In addition, our 
study provides a more accurate reflection of perioperative 
outcomes following CDA in the typical surgeon population 
than has been previously reported in FDA-IDE trials or by 
more experienced spine surgeons that publish their results, 
because it did not involve a pre-selected group of surgeons 
chosen by companies that market the devices. 

Conclusions

In this analysis of the NSQIP database, the ACDF cohort 
demonstrated greater LOS and a higher rate of unplanned 
readmission compared to the CDA cohort, which may 
have significant impact on patient cost and outcomes. In 
addition, elevated ASA grade, preoperative anemia, and 
elevated white blood cell count were associated with greater 
LOS. Although both ACDF and CDA are performed for 
similar disease processes, CDA may be performed safely 
and effectively with comparable perioperative risk of major 
complications while diminishing LOS and readmission. 
More long-term prospective studies are necessary to further 
elucidate the differences in outcomes between CDA and 
ACDF procedures.
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