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Objective: To compare the perioperative morbidity of 2-level anterior cervical discectomy 
and fusion (ACDF) with that of 1-level anterior cervical corpectomy and fusion (ACCF) for 
the treatment of cervical degenerative conditions.
Methods: A retrospective study of the 2005–2016 National Surgical Quality Improvement 
Program database for patients undergoing 2-level ACDF and 1-level ACCF was performed. 
Patient data included: age, sex, body mass index (BMI), functional status, and American 
Society of Anesthesiologists (ASA) physical status (PS) classification. Hospital data includ-
ed: operative time and length of hospital stay (LOS). Thirty-day outcome data included: 
any, serious, and minor adverse events, return to the operating room, readmission, and 
mortality. After propensity matching for age, sex, ASA PS classification, functional status, 
and BMI, multivariate logistic regression analysis was used to compare outcomes between 
the 2 propensity-matched subcohorts. Finally, multivariate logistic regression that addition-
ally controlled for operative time was performed to compare the 2 propensity-matched sub-
cohorts.
Results: A total of 17,497 cases were identified, with 90.20% undergoing 2-level ACDF and 
9.80% undergoing 1-level ACCF. Patients undergoing 2-level ACDF were younger, more 
likely to be female, had higher functional status, and had shorter operative time and LOS 
(p < 0.001). After propensity score matching, cases undergoing 1-level ACCF had a statisti-
cally significant higher rate of serious adverse events (p = 0.005). This difference was no 
longer significant after controlling for operative time.
Conclusion: While there was noted to be additional morbidity in 1-level ACCF cases rela-
tive to 2-level ACDF cases, the lack of difference once controlling for the surgical time sup-
ports using the procedure that best accomplishes the surgical objectives.
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INTRODUCTION

Cervical spondylosis is a common cause of neurologic symp-
toms related to the cervical spine. Spondylosis leading to cervi-
cal radiculopathy and cervical myelopathy can significantly im-
pair the quality of life of affected patients.1-3 Compared to non-
operative management of symptomatic moderate to severe cer-
vical spondylosis, surgical treatment has been shown to result 
in improved functional status, decreased pain, and better over-
all patient prognosis.4-7 In fact, cervical spondylosis remains 
one of the most common disorders treated by spine surgeons 
with a nearly 7-fold increase in the number of cervical fusions 
performed in recent years.8

The anterior approach to the cervical spine, first described in 
the late-1950s,9,10 is effective at removing ventral compression 
of the cervical spinal cord and cervical nerve roots, such as her-
niated disc material and osteophytes. This approach allows di-
rect decompression of the neural elements with an opportunity 
to restore interbody height, improve cervical lordosis, and sta-
bilize affected cervical spine segments.11

Two-level anterior cervical discectomy and fusion (ACDF) is 
a common surgical treatment for 2-level cervical pathology.12 
However, 1-level anterior cervical corpectomy and fusion (ACCF) 
may also be considered to address 2-level cervical stenosis.13-18 
ACCF is generally selected to address retro-vertebral stenosis 
or cord compression. Some have suggested that the 2 healing 
surfaces of ACCF may be more easily fused than the 4 healing 
surfaces of a 2-level ACDF, although this remains a topic of de-
bate.19

Both 2-level ACDF and 1-level ACCF have been performed 
for decades and long-term results have shown that both proce-
dures improve symptoms related to cervical radiculopathy and 
cervical myelopathy.20-22 In certain clinical situations, the treat-
ing spine surgeon may consider either 2-level ACDF versus 
1-level ACCF. In these situations, it is not clear if there is a dif-
ferent perioperative morbidity profile for these procedures.

The current study was designed to take advantage of the high 
data quality and large sample size afforded by the American 
College of Surgeons National Quality Improvement Program 
(NSQIP) database to examine the demographics, comorbidi-
ties, and perioperative complications in matched patients un-
dergoing 2-level ACDF versus 1-level ACCF in a large, national 
study population.

MATERIALS AND METHODS

1. Data Source
NSQIP collects over 250 variables from representative surgi-

cal cases performed at more than 600 participating institutions 
across the United States. Interrater discordance has been shown 
to be less than 1.5% due to vigorous data collection and audit 
protocols mandated by NSQIP. Our Institutional Review Board 
exempted this study from further consideration.

2. Study Cohort
Patients who underwent 2-level ACDF or 1-level ACCF were 

included in the study population. Cases of ACDF were identi-
fied using Current Procedural Terminology (CPT) codes 22551, 
22554, and 63075. Additional levels of ACDF were identified by 
counting the number of instances of the CPT code 22552, 22554, 
and 63076. ACDF cases that included more than one “additional 
level” codes (indicating more than 2 operative levels) were ex-
cluded from the study population. Patients who had a corpec-
tomy in addition to 2-level ACDF were excluded from analysis. 
Patients who underwent ACCF were identified using CPT code 
63081. Cases that involved more than 1-level corpectomy were 
excluded from the study population (those with CPT codes 
63082 or 22846). Patients who underwent ACDF in addition to 
corpectomy were further excluded.

Patients who underwent concomitant posterior cervical pro-
cedures (i.e., cervical laminectomy, posterior cervical fusion, 
cervical laminoplasty) were excluded from analysis. Cases in-
volving neoplasms, trauma, and infection were identified using 
diagnostic codes and were further excluded from the study 
population.

Patient demographic characteristics including age, sex, 
height, and weight were extracted from the NSQIP database. 
Body mass index (BMI) was calculated from height and weight 
data. Preoperative functional status and American Society of 
Anesthesiologists (ASA) physical status (PS) classification were 
directly recorded from the NSQIP database. ASA PS classifica-
tion has been shown to reliably approximate the patient’s co-
morbidity burden prior to operation. Operative time (in min-
utes) and length of hospital stay (LOS, in days) were extracted 
from NSQIP.

 
3. Postoperative Adverse Outcomes

NSQIP records the occurrence of postoperative adverse out-
comes, regardless of discharge status, for 30 days following op-
eration. The occurrence of these individual complications was 
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extracted from the database and binned into 3 complication 
categories: any adverse events (AAEs), serious adverse events 
(SAEs), and minor adverse events (MAEs).

A SAE was defined as the occurrence of any of the following: 
deep surgical site infection, sepsis, failure to wean, unplanned 
reintubation, postoperative renal failure, deep vein thrombosis, 
pulmonary embolism, cardiac arrest, myocardial infarction, or 
stroke. A MAE was defined as the occurrence of any of the fol-
lowing: superficial surgical site infection, wound dehiscence, 
pneumonia, urinary tract infection, or postoperative renal in-
sufficiency. The occurrence of AAE was defined as the occur-
rence of a major adverse event or MAE.

NSQIP began recording the number of 30-day readmissions 
for each case after the year 2011 and the number of 30-day re-
operations for each case after the year 2012.

4. Statistical Analysis
Two-level ACDF and 1-level ACCF cohorts were first com-

pared on the basis of patient demographic characteristics, oper-
ation time, and LOS. Categorical variables were compared us-
ing chi-square tests. Continuous variables were compared using 
Student t-tests and analysis of variance. The level of significance 
for tests of difference in demographic characteristics was set at 
0.01 after Bonferroni correction for 5 hypotheses. The level of 
significance for tests of difference in operation time and LOS 
was set at 0.025 after Bonferroni correction for 2 hypotheses.

To account for differences in patient demographic character-
istics and comorbidity burden between the ACDF and ACCF 
surgery cohorts, propensity score matching with a caliper width 
of 0.001 was performed to match patients based on age, sex, 
BMI, functional status, and ASA PS classification. This is a 
common statistical technique to account for potential nonran-
dom assignment of cases to ACDF or ACCF. The algorithm 
dropped 8 cases from the ACCF cohort that did not have a 
close enough match in the ACDF cohort. Ultimately, 2 new 
ACDF and ACCF cohorts were generated that had nearly iden-
tical patient demographic characteristics.

Multivariate logistic regression was then performed compar-
ing the cohort while controlling for age, sex, BMI, functional 
status, and ASA PS classification. Odds of experiencing an ad-
verse event in the ACCF group were determined, using the 
2-level ACDF group as a baseline. Prior studies have shown 
that this statistical method, known as double adjustment 
matching, can be effective in removing residual bias after pro-
pensity score matching.23,24 Next, because mean operative times 
continued to be statistically different after propensity score 

matching, a multivariate logistic regression that additionally 
controlled for operative time was performed for the propensity-
matched cohorts. The level of significance for the aforemen-
tioned logistic regressions was set at p< 0.008, after Bonferroni 
correction to account for the 6 hypotheses being tested.

All statistical analyses were performed using Stata 13 (Stata-
Corp LP, College Station, TX, USA).

RESULTS

1. Study Population
A total of 17,497 patients were identified for analysis based 

on the inclusion/exclusion criteria defined. Of these cases, 
15,783 (90.20%) had undergone 2-level ACDF and 1,714 
(9.80%) had undergone 1-level ACCF (Fig. 1). The analysis of 
readmission included 16,726 of 17,497 cases and the analysis of 
reoperation included 15,529 of 17,497 cases. These represent 
95.6% and 88.7% of total cases respectively.

Patient characteristics are shown in Table 1. Patients who un-
derwent 2-level ACDF tended to be slightly younger (mean age 
of 54.9 years in the ACDF cohort vs. 56.7 years in the ACCF 
cohort, p< 0.001), be more functionally independent (98.62% 
in the ACDF cohort vs. 94.81% in the ACCF cohort, p< 0.001), 
and have a lower average ASA PS classification (mean ASA of 
2.4 in the ACDF cohort vs. ASA of 2.5 in the corpectomy co-
hort, p< 0.001). Therefore, propensity score matching was used 
to control for these potential confounding factors. Once 
matched, there were no longer significant differences in patient 
demographics or comorbidities (p> 0.900 for all).

Fig. 1. Number of cases by procedure. ACDF, anterior cervi-
cal discectomy and fusion; ACCF, anterior cervical corpecto-
my and fusion.

One-level 
ACCF  

(9.80%)

Two-level ACDF 
(90.20%)
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Patients who underwent 2-level ACDF had significantly 
shorter operative time than patients undergoing 1-level ACCF 
(140.7± 66.1 minutes for the ACDF group compared to average 
of 172.1 ± 86.4 minutes [mean ± standard deviation] for the 
ACCF group; p < 0.001). The 2-level ACDF group also had 
shorter LOS than patients undergoing 1-level ACCF (1.9± 6.7 
days for the ACDF cohort vs. average of 3.6± 10.5 days for the 
ACCF cohort; p < 0.001) (Table 2). After propensity score 
matching, cases of 2-level ACDF continued to have significant 
shorter operative time and LOS compared to 1-level ACCF cas-
es (Table 2).

Perioperative outcomes (AAE, SAE, MAE, return to the op-
erating room, readmission, and mortality) were assessed. The 
number of patients and percent patients experiencing these 

outcomes are listed in the left half of Table 3.

2.  Multivariate Regression on Propensity Score Matched 
 Cohorts, Without Controlling for Operative Time
After propensity score matching, multivariate logistic regres-

sion models controlling for patient demographic factors and 
preoperative comorbidity burden were fitted on to the surgical 
outcomes of ACCF and ACDF cases. Patients who underwent 
1-level ACCF compared to 2-level ACDF had increased odds of 
SAE (odds ratio, 1.85; 99.2% CI, 1.03–3.32; p = 0.005). There 
were no differences in the odds of AAE, MAE, reoperation 
within 30 days of index procedure, readmission within 30 days 
of index procedure, or mortality between patients undergoing 
1-level ACCF versus 2-level ACDF (p> 0.008 for all) (Table 3).

Table 1. Demographic and comorbid characteristics of patients who underwent 2-level ACDF vs. 1-level ACCF (n = 17,497)

Variable Two-level ACDF One-level ACCF p-value 1:1 Propensity-matched  
2-level ACDF cohort† p-value

No. of patients 15,783 (90.20) 1,714 (9.80) 1,705 (50.00)

Age (yr) Mean: 54.9 Mean: 56.7 < 0.001* Mean: 56.9 0.972

   < 60 10,665 (67.57) 1,016 (59.28) 1,014 (59.47)

   60+ 5,118 (32.43) 698 (40.72) 691 (40.53)

Sex 0.014 1.000

   Male 7,684 (48.69) 888 (51.81) 880 (51.61)

   Female 8,099 (51.31) 826 (48.19) 825 (48.39)

BMI (kg/m2) Mean: 30.3 Mean: 30.1 0.704 Mean: 30.1 0.999

   < 18.5 122 (0.77) 16 (0.93) 15 (0.88)

   18.5–25 3,021 (19.14) 351 (20.48) 344 (20.18)

   25–30 5,413 (34.30) 581 (33.90) 581 (34.08)

   30–40 5,990 (37.95) 643 (37.51) 642 (37.65)

   40–50 1,071 (6.79) 106 (6.18) 106 (6.22)

   ≥ 50 166 (1.05) 17 (0.99) 17 (1.00)

Functional status prior to injury < 0.001* 1.000

   Independent 15,565 (98.62) 1,625 (94.81) 1,625 (95.31)

   Partially/totally dependent 218 (1.38) 89 (5.19) 80 (4.69)

ASA PS classification Mean: 2.4 Mean: 2.5 < 0.001* Mean: 2.5 1.000

   I 524 (3.32) 49 (2.86) 48 (2.82)

   II 8,656 (54.84) 773 (45.10) 771 (45.22)

   III 6,331 (40.11) 822 (47.96) 818 (47.98)

   IV 272 (1.72) 70 (4.08) 68 (3.99)

   V 0 (0) 0 (0) 0 (0)

Values are presented as number (%).
ACDF, anterior cervical discectomy and fusion; ACCF, anterior cervical corpectomy and fusion; BMI, body mass index; ASA PS, American 
Society of Anesthesiologists physical status.
*Chi-square statistically significant at p < 0.01, after Bonferroni correction. †Propensity matched on age, sex, BMI, functional status, and ASA 
PS classification.
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3.  Multivariate Regression on Propensity Score Matched 
 Cohorts, Controlling for Operative Time
Multivariate logistic regression additionally controlling for 

operative time was then performed. After controlling for opera-
tive time, cases of 1-level ACCF did not have statistically signif-
icant increased odds of SAE. There continued to be no differ-

Table 2. Operative time and total length of hospital stay of all patients by procedure type (n = 17,497)

Variable Two-level ACDF One-level ACCF p-value* 1:1 Propensity-matched 
2-level ACDF cohort† p-value*

No. of patients 15,783 (90.20) 1,714 (9.80) 1,705 (50.00)

Operative time (min) 140.7 ± 66.1 172.1 ± 86.4 < 0.001 141.7 ± 67.7 < 0.001

Length of stay (day) 1.9 ± 6.7 3.6 ± 10.5 < 0.001 2.1 ± 3.5 < 0.001

Values are presented as number (%) or mean ± standard deviation.
ACDF, anterior cervical discectomy and fusion, ACCF, anterior cervical corpectomy and fusion; BMI, body mass index; ASA PS, American 
Society of Anesthesiologists physical status.
*Student t-test, statistically significant at p < 0.025, after Bonferroni correction. †Propensity matched on age, sex, BMI, functional status, and 
ASA physical status classification.

Table 3. Number of adverse events, return to operating room, readmissions, and mortality for patients who underwent 2-level 
ACDF vs. 1-level ACCF (n = 17,497)

Complication Two-level 
ACDF, n (%)

One-level 
ACCF, n (%)

Propensity matched 
multivariate odds ratio†

Propensity matched multivariate odds 
ratio, controlled for operative time‡

No. of patients 15,783 (90.20) 1,714 (9.80) OR 99.2% CI p-value OR 99.2% CI p-value

Any adverse event 436 (2.76) 91 (5.31) 1.46 0.93–2.31 0.027 1.36 0.86–2.17 0.078

Serious adverse event 270 (1.71) 64 (3.73) 1.85 1.03–3.32 0.005* 1.63 0.90–2.97 0.030

   Deep infection 67 (0.42) 9 (0.53)

   Sepsis 37 (0.23) 17 (0.99)

   Renal failure 6 (0.04) 0 (0)

   Thromboembolic events 64 (0.41) 17 (0.99) `

   Cardiac arrest 20 (0.13) 9 (0.53)

   Myocardial infarction 22 (0.14) 2 (0.12)

   Stroke 18 (0.11) 0 (0)

   Failure to wean 51 (0.32) 22 (1.28)

   Reintubation 80 (0.51) 24 (1.40)

Minor adverse event 226 (1.43) 43 (2.51) 1.17 0.63–2.18 0.494 1.18 0.63–2.22 0.490

   Superficial infection 38 (0.24) 9 (0.53)

   Dehiscence 7 (0.04) 0 (0)

   Pneumonia 112 (0.71) 24 (1.40)

   Urinary tract infection 77 (0.49) 12 (0.70)

   Renal insufficiency 3 (0.02) 0 (0)

Return to operating room within  
30 days of operation (n = 15,529)

216 (1.37) 36 (2.10) 1.82 0.89–3.69 0.026 1.67 0.81–3.44 0.059

Readmission within 30 days of  
operation (n = 16,726)

494 (3.13) 63 (3.68) 1.29 0.78–2.11 0.177 1.19 0.71–1.97 0.372

Mortality within 30 days of operation 27 (0.17) 9 (0.53) 1.43 0.35–5.87 0.506 1.48 0.35–6.21 0.472

ACDF, anterior cervical discectomy and fusion, ACCF, anterior cervical corpectomy and fusion; OR, odds ratio; CI, confidence interval; BMI, 
body mass index; ASA PS, American Society of Anesthesiologists physical status.
*Statistical significance at p < 0.008, after Bonferroni correction. †Propensity matched on and controlled for age, sex, BMI, functional status, 
and ASA physical status classification. ‡Additionally controlled for operative time.
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ence in the odds of AAE, MAE, reoperation, readmission, or 
mortality. These results are shown in Table 3 and Fig. 2.

DISCUSSION

Two-level ACDF and 1-level ACCF may be considered for 
treatment of 2-level cervical stenosis. In fact, a recent study 
based on data from the American Board of Orthopaedic Sur-
gery found that orthopaedic spine surgeons submitting board 
cases treated cervical pathology by anterior cervical approaches 
almost 90% of the time.12 For 2-level disease, the surgical deci-
sion between 2-level ACDF and 1-level ACCF is often dictated 
by the pathology being addressed. However, there are clinical 
situations where pathology could be appropriately treated with 
either of these surgeries and the spine surgeon must decide be-
tween the 2 options.

The current study utilized 2005 to 2016 NSQIP data with a 
total of 17,497 patients, of which 90.20% underwent 2-level 
ACDF and 9.80% underwent 1-level ACCF for cervical degen-
erative pathology. Those undergoing 2-level ACDF were 
younger, more likely to be female, had a higher functional sta-
tus and a lower mean ASA PS classification. These differences 
were addressed with propensity matching, after which there 
were no longer differences in demographics, functional status, 
or mean ASA PS classification.

After propensity-matched scoring and a performing a multi-

variate analysis controlling for patient factors, it was deter-
mined that patients undergoing 1-level ACCF have a signifi-
cantly higher rate of SAEs, increased length of stay, and longer 
operative time than 2-level ACDF. When the multivariate anal-
ysis was repeated controlling for operative time, there was no 
difference in 30-day perioperative outcomes between the 2 sur-
gical groups.

Previous studies comparing 2-level ACDF and 1-level ACCF 
have demonstrated similar clinical results between the 2 surgi-
cal procedures.25 Oh et al.26 published a retrospective series of 
31 patients who underwent 2-level ACDF or 1-level ACCF with 
an average of 26-month follow-up. They found that operative 
time and bleeding were significantly greater in the corpectomy 
group, but that corpectomy patients had superior radiographic 
results (segmental height and cervical lordosis) compared with 
2-level ACDF patients. The authors reported that both groups 
had similar pseudarthrosis rates and other clinical outcomes. 
Wang et al.27 published a retrospective study of 52 patients who 
underwent 2-level ACDF or 1-level ACCF. This study found no 
significant difference in graft subsidence, pseudarthrosis, or 
clinical outcomes. Park et al.28 performed a retrospective review 
of 97 2-level ACDF or 1-level ACCF patients. They found that 
graft subsidence and loss of cervical lordosis continued out fur-
ther postoperatively for 1-level ACCF than 2-level ACDF, but 
that this was not associated with long-term clinical results or 
radiographic evaluation. Overall, these prior studies showed 

Fig. 2. Multivariate odds ratios for adverse events in patients who underwent 2-level anterior cervical discectomy and fusion 
(ACDF) versus 1-level anterior cervical corpectomy and fusion (ACCF). CI, confidence interval; BMI, body mass index; ASA, 
American Society of Anesthesiologists.

Type of adverse event

Any adverse event

Serious adverse event

Minor adverse event

Reoperation

Readmission

Mortality

0.10 1.00 10.00

Odds Ratio (99.2% CI) 

*Propensity matched control cohort; Controlled for age, sex, BMI, functional status, ASA physical status classification, and operative time
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good clinical outcomes for both 2-level ACDF and 1-level 
ACCF. Limitations of the studies include relatively low patient 
numbers and the retrospective nature of the studies.

It is well established that 1-level ACCF is associated with lon-
ger length of stay and operative time than 2-level ACDF.29,30 
Song et al.30 performed a retrospective review of 40 patients 
who underwent either ACDF or ACCF for multilevel cervical 
spondylotic myelopathy and had at least 5 years of postopera-
tive follow-up. The authors found that both groups of patients 
had similar clinical outcomes as measured by visual analogue 
scale and Japanese Orthopaedic Association scores.30 However, 
the ACDF group had shorter length of stay and operative times 
as well as lower blood loss.30 Similarly, a meta-analysis per-
formed by Guan et al.29 included 13 randomized controlled 
studies and compared the outcomes of ACDF and ACCF in the 
treatment of cervical spondylotic myelopathy. These authors 
again found that the clinical outcomes were not statistically dif-
ferent but that ACCF patients had longer operative time and 
hospital stay as well as higher operative blood loss. In the cur-
rently presented study, the 1-level corpectomy group was found 
to have on average 30 additional minutes of operative time. Ad-
ditionally, the average length of stay was 1 day in the ACDF 
group and 4 days for the corpectomy group. These findings are 
consistent with the results of the previous literature.

The limitations of this study mostly revolve around the data-
base. NSQIP does not track spine specific variables. Thus, dif-
ferences in morphological characteristics and surgical decisions 
making cannot be directly assessed. Furthermore, the present 
study is unable to ascertain whether 2-level procedures are per-
formed at contiguous segments. In addition, the database does 
not track clinical or radiographic findings. Despite these limita-
tions, the database is well suited to track medical and surgical 
perioperative adverse outcomes in the initial 30-day periopera-
tive period, which is the time period in which patients under-
going anterior cervical surgery at the highest risk for a compli-
cation. Even with the inherent limitations present in all data-
bases, the NSQIP database has been shown to have robust, vali-
dated data for the variables assessed.31-33

Based on the results in the current study, 1-level ACCF has a 
higher rate of SAEs than 2-level ACDF, primarily driven by the 
longer operative time associated with 1-level ACCF. After con-
trolling for operative time, there were no significant differences 
between the 2 groups. This data suggests that the surgeon 
should select the procedure that best accomplishes the surgical 
objectives required for a given patient’s pathology.
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