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ARTICLE INFO ABSTRACT

Keywords: Background: Multilevel cervical pathology can often be addressed via anterior cervical discectomy and fusion
Cervical myelopathy (ACDF) or posterior cervical fusion (PCF). While posterior procedures may be technically easier for four-level
RafiiC“IOPathY ) pathology, there are advantages and disadvantages to both approaches that make it of interest to compare out-
g;i)gm:;tzrthrodems comes. The purpose was to compare perioperative adverse events and long-term cervical reoperation rates of

four-level ACDF and PCF.

Methods: The 2010 to Q1 2020 PearlDiver MSpine database was queried. Patients undergoing isolated elective
four-level ACDF or PCF were identified (excluding cases performed for trauma, neoplasm, and/or infections) and
1:1 matched based on age, sex, and comorbidities. Ninety-day adverse events were compared with univariate
and multivariate analyses. Five-year incidences of subsequent cervical reoperations were also compared.
Results: A total of 3,714 patients 1:1 matched for four-level ACDF and PCF performed for degenerative patholo-
gies were identified (1,857 for each of the study groups). On multivariate analysis controlling for age, sex, and
comorbidities, PCF was found to have significantly greater odds ratios (OR) for any (OR 2.12), serious (OR 2.31),
and minor (OR 1.95) adverse events, as well as for length of stay >3 days (OR 1.76), p<0.001 for each. How-
ever, PCF had nearly three times lower odds of dysphagia compared to ACDF (OR 0.36, p<0.001). At five years,
four-level ACDF cases were found to have significantly higher reoperation rates compared to four-level PCF cases
(26.3% vs 18.3%, p<0.001).

Conclusion: In evaluating four-level cervical cases, compared to anterior approach cases, posterior approach
procedures were associated with approximately double the odds of any, serious, and minor adverse events, but
around one third the rate of dysphagia and two thirds the rate of five-year reoperations. While the pathology
may dictate surgical approach, this data suggests that the choice between four-level anterior versus posterior
approach becomes a balance of risks/benefit considerations.

Multi-level cervical fusion
Stenosis
Dysphagia

Introduction

Cervical surgeries are commonly performed for degenerative condi-
tions [1]. In the setting of multilevel spondylotic conditions, anterior
cervical discectomy and fusion (ACDF) [2] versus posterior cervical fu-
sion (PCF) may be considered [3,4]. While there are variables that may
dictate approach, such as location of compression, cervical alignment,
and surgeon preference, [5,6] there are situations where both are ap-

propriate. The current study was developed to compare four-level cases
where anterior versus posterior approaches were used.

As with any surgical decision making, the choice of anterior ver-
sus posterior cervical approaches for multi-level pathology is swayed
by the relative risks and benefits. Notably, multi-level ACDF may be
associated with risk of dysphagia and pseudoarthrosis [7-9]. Multi-
level PCF may be associated with wound-related issues and surgical
site pain [10,11]. While multi-level cases may be performed at variable

Abbreviations: ACDF, anterior cervical discectomy and fusion; CI, confidence interval; CPT, Current Procedural Terminology; ECI, Elixhauser Comorbidity Index;
ICD, International Classification of Disease; LOS, length of stay; PCF, posterior cervical fusion; OR, odds ratio; SD, standard deviation.
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levels, pathology most commonly presents at some subset of four levels
(C3-C7) [11].

For ACDF, fewer level cases are the most common [12], but four-
level cases account for approximately 2.4% of such cases [12]. Regard-
ing treatment for multi-level cervical pathology, four-level ACDF and
PCF have been compared with small sample sizes studies [8,10,13-15].
Zhai et al evaluated 19 patients that underwent four-level ACDF and
25 that underwent four-level PCF and found similar clinical and radio-
graphical outcomes, though the small sample size limited their ability to
control for confounders and obtain adequate power for outcome com-
parison [10]. Wang et al compared 26 patients with four-level ACDF
and 32 patients with four-level PCF over two years, but similarly were
limited by small sample size and short follow-up [15].

The current study attempts to address the gap in literature related
to comparing outcomes of four-level anterior versus posterior cervical
procedures. A large national administrative database was used to power
such comparisons.

Methods
Study population

The current study used the 2010 and Q1 2020 PearlDiver MSpine na-
tional database (PearlDiver Technologies, Colorado Springs, CO, USA),
which is a large administrative dataset containing records of over 1.1
million patients. Studies using the PearlDiver system and associated
databases were granted exemption from our institution’s Institutional
Review Board.

Cases of isolated elective four-level ACDF and PCF performed for
degenerative cervical pathologies were identified using Current Proce-
dural Terminology (CPT) codes. ACDF cases were identified with CPT
code 22551 and CPT code 22552 repeated three times. PCF cases were
identified with CPT code 22600 with CPT code 22614 repeated three
times.

Exclusion criteria were then applied. These included: age <18 years,
circumferential fusions (posterior for anterior cases and anterior for pos-
terior cases), corpectomies, osteotomies, non-cervical procedures, and
cases performed for trauma, neoplasm, and infectious etiologies. Fur-
ther, any patients who did not remain in the insurance coverage dataset
for at least 90 days were excluded.

Age, sex, and Elixhauser Comorbidity Index (ECIL, a commonly used
comorbidity index) were abstracted from the dataset. ACDF and PCF
cases were matched 1:1 based on these criteria using PearlDiver’s exact
match function.

Postoperative outcomes

Ninety-day incidence of adverse events, dysphagia, LOS >3 days,
and readmissions were abstracted from the dataset. Adverse events were
aggregated into categories of serious, minor, and any adverse events.

Serious adverse events were noted if there was the occurrence of
sepsis, cardiac arrest, shock, pulmonary embolism, deep venous throm-
bosis, neurologic or other organ injury, surgical site infection, or os-
teomyelitis. Minor adverse events were noted if there was the occur-
rence of acute kidney injury, hematoma and hemorrhage not leading
to shock, respiratory infections, urinary tract infections, wound disrup-
tions, or seromas. Any adverse event noted if there was the occurrence
of a serious or minor adverse event.

Dysphagia rates were tabulated using ICD-9 diagnosis codes 787.20
to 787.24 and 787.29, and ICD-10 diagnosis codes R13.10 to R13.14 and
R13.19. Patients with length of stay (LOS) >3 days following the index
procedure were identified and tabulated. Readmission rates were tab-
ulated using PearlDiver’s “Admission” function that identifies inpatient
ICD-9 and ICD-10 codes.

Further cervical spine surgery within five years of the index proce-
dure were then identified based on CPT codes for ACDF, PCF, cervical
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Table 1
Matched patient characteristics.
Total 4-Level ACDF 4-Level PCF
Value % Value % Value %

Total 3,714 100.0% 1,857 50.0% 1,857 50.0%
Age, years, mean (SD) 61.4 9.4) 61.3 9.4) 61.4 (9.5)
Sex
Female 1,928 51.9% 964 51.9% 964 51.9%
Male 1,786 48.1% 893 48.1% 893 48.1%
Insurance Plan
Commercial 2,443 65.8% 1,219 65.6% 1,224 65.9%
Medicaid 157 4.2% 82 4.4% 75 4.0%
Medicare 1,011 27.2% 496 26.7% 515 27.7%
Other 103 2.8% 60 3.2% 43 2.3%
ECI, mean (SD) 4.5 (3.2) 4.5 3.2) 4.5 (3.2)
Additional Diagnosis
Myelopathy 1,805 48.6% 904 48.7% 901 48.5%
Radiculopathy 1,134 30.5% 562 30.3% 572 30.8%

1:1 Matching based on age, sex, and ECI Bold p-value = statistical significance

at p<0.05

Abbreviations:

ACDF = Anterior Cervical Discectomy and Fusion
ECI = Elixhauser Comorbidity Index

PCF = Posterior cervical fusion

SD = Standard deviation

laminectomy, laminotomy, and other cervical spinal procedures such
as exploration and hardware removal. These cervical reoperations were
then subcategorized into anterior (A), posterior (P), or concurrent ante-
rior and posterior (A/P) procedures.

Statistical analysis

Univariate analysis was performed to compare patient characteristics
and postoperative complications using independent two-tailed Student’s
t-test for continuous variables and the Chi Square test for categorical
variables. Multivariate logistic regression adjusting for age, sex, and ECI
was used to ascertain odds ratios (OR) of 90-day adverse events. ORs and
95% confidence intervals (CI) were calculated for each variable.

Kaplan-Meier survival analysis was conducted for five-year cervical
reoperation rate, and a log-rank test was used to compare cumulative
incidence at five years. Patients lost to follow-up or deceased were cen-
sored at last known follow-up.

An alpha of 0.05 and significance of p < 0.05 was set for both the
univariate and multivariate analyses. Statistical calculations were per-
formed in RStudio statistical software and SPSS version 28 (IBM Corp.,
Armonk, NY). The cumulative incidence graph was created using Graph-
Pad Prism, version 9 (GraphPad Software, San Diego, CA).

Results
Study population

A total of 3,714 matched patients that underwent a four-level cervi-
cal procedure met inclusion criteria for this study. Patients that under-
went ACDF consisted of 1,857 (50.0%) cases and patients that under-
went PCF consisted of 1,857 (50.0%) cases. Patient characteristics for
each of the matched cohorts are summarized in Table 1.

Ninety-day outcomes

Ninety-day outcomes are summarized in Table 2. Univariate analy-
ses revealed significantly higher rates of 90-day aggregated any (23.4%
vs 12.7%), serious (13.0% vs 6.1%), and minor (14.9% vs 8.4%) ad-
verse events after four-level PCF cases compared to ACDF cases, p<0.001
for each. LOS >3 days was also noted to be significantly greater in the
PCF cohort (19.5% vs 12.2%, p<0.001). However, dysphagia rate was



P.Y. Joo, R.H. Jayaram, W.M. McLaughlin et al

Table 2
Univariate and multivariate analyses of 90-day complications and length of stay.
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Total 4-Level ACDF 4-Level PCF Multivariate PCF relative to ACDF

Value % Value % Value % p-value OR? 95% CI p-value
Total 3,714 100% 1,857 50.0% 1,857 50.0%
Any Adverse Event 670 18.0% 236 12.7% 434 23.4% <0.001 2.12 1.78 2.53 <0.001
Serious Adverse Event 355 9.6% 113 6.1% 242 13.0% <0.001 2.31 1.83 2.93 <0.001
Sepsis 59 1.6% 13 0.7% 46 2.5% <0.001 3.56 1.96 6.91 <0.001
PE ’ ’ ’ ’ 24 1.3% 0.025 2.46 1.21 5.41 0.017
DVT 31 0.8% 14 0.8% 17 0.9% 0.718 1.23 0.61 2.55 0.562
Minor Adverse Event 432 11.6% 156 8.4% 276 14.9% <0.001 1.95 1.58 2.42 <0.001
Wound 65 1.8% 11 0.6% 54 2.9% <0.001 5.04 2.73 10.22 <0.001
Transfusion 28 1.5% 0.001 3.47 1.64 8.22 0.002
AKI 98 2.6% 34 1.8% 64 3.4% 0.003 1.98 1.30 3.07 0.002
UTI 190 5.1% 71 3.8% 119 6.4% 0.005 1.75 1.29 2.38 <0.001
Pneumonia 121 3.3% 46 2.5% 75 4.0% 0.010 1.68 1.16 2.47 0.007
Hematoma 49 1.3% 21 1.1% 28 1.5% 0.388 1.37 0.78 2.45 0.281
Dysphagia 228 6.1% 161 8.7% 67 3.6% <0.001 0.36 0.27 0.49 <0.001
LOS >3 days 589 15.9% 226 12.2% 363 19.5% <0.001 1.76 1.46 2.12 <0.001
Readmission 378 10.2% 203 10.9% 175 9.4% 0.143 0.81 0.65 1.01 0.064

* Censored if one or more cohorts had <10 patients with a complication.

2 Odds ratio for PCF adjusted for age, sex, and ECI. Referent = ACDF Bold p-value = Statistical Significance at p<0.05.

Abbreviation:

ACDF = Anterior Cervical Discectomy and Fusion AKI = Acute kidney injury CI = Confidence interval DVT = Deep vein thrombosis ECI = Elixhauser Comorbidity
Index LOS = Length of stay OR = Odds Ratio PCF = Posterior cervical fusion PE = Pulmonary embolism UTI = Urinary tract infection.

Forest plot: PCF 90-day complications (referent = ACDF)
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Fig. 1. Forest plot of 90-day complications and length of stay adjusted odds
ratios for posterior cervical fusion (PCF), with anterior cervical discectomy and
fusion (ACDF) as the reference population. Select serious and minor adverse
events shown.

greater in the ACDF cohort (8.7% vs 3.6%, p<0.001). No significant
difference was noted for readmission rates.

Multivariate logistic regression adjusting for potential residual dif-
ferences in demographic and comorbidity profiles are summarized in
Table 2 (right columns) and Fig. 1. Compared to ACDF, PCF was found
to have significantly greater odds ratio for any (OR 2.12), serious (OR
2.31), and minor (OR 1.95) adverse events, as well as for length of stay
>3 days (OR 1.76), p<0.001 for each. However, PCF had nearly three
times lower odds of dysphagia compared to ACDF (OR 0.36, p<0.001).
No significant difference was noted for readmission rates on multivari-
ate analysis.

Five-year reoperations

Over five years, ACDF cases had a mean follow-up +/- standard devi-
ation (SD) of 4.1 +/- 1.4 years whereas PCF cases had a mean follow-up

Kaplan-Meier: 5-Year Cervical Reoperations
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Fig. 2. Five-year Kaplan-Meier survival plot of cervical reoperations for ante-
rior cervical discectomy and fusion (ACDF) and posterior cervical fusion (PCF)
that were actively covered under their insurance plan for up to five years. Log-
rank test, p < 0.001. Pie charts demonstrate the type of subsequent cervical
reoperation — anterior (A), posterior (P), or both (A/P).

+/- SD of 3.9 +/- 1.5 years (Fig. 2). For five-year cervical reoperations,
the cumulative incidence after ACDF cases was significantly greater than
after PCF cases (26.3% vs 18.3%, p<0.001).

For revision of index ACDF cases, posterior-only approaches were
used in 52.0%, anterior-only approaches in 30.0%, and both anterior
and posterior approaches in 18.0%. For revision of PCF cases, posterior-
only approaches were used in 77.4%, anterior-only approaches in
13.8%, and both anterior and posterior approaches in 8.8%.

Discussion

The optimal surgical approach for multi-level degenerative cervical
pathology, particularly for four-level disease, remains controversial. Op-
tions include anterior or posterior techniques, with four-level ACDF and
four-level PCF available as treatment options [1,3,4]. The current study
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is the largest to date comparing short-term adverse events and long-term
reoperation rates following four-level ACDF and PCF.

For four-level cases performed for degenerative cervical pathology,
the current study found PCF to have approximately two-fold greater
odds of aggregated 90-day any adverse event, serious adverse event, and
minor adverse event compared to ACDF. This is in line with recent ev-
idence from 2018-2021 that offers support to the notion that four-level
ACDF may be safer and more efficacious than traditionally thought in
appropriately selected patients [10,13,16]. Zhai et al. compared anterior
(n=19) and posterior (n=25) approaches for management of four-level
cervical degenerative diseases, and found that while postoperative pa-
tient reported and radiographical outcomes were similar, there were five
patients with persistent axial symptoms or C5 palsy following posterior
surgery that were not present following anterior surgery [10]. This sup-
ports our finding of aggregated 90-day adverse events being greater in
the PCF cohort compared to the ACDF cohort, as persistent axial symp-
toms include pain, stiffness, and soreness.

Of the individual adverse events evaluated, dysphagia was notable in
that it showed independent significance, with nearly three-fold greater
odds for four-level ACDF than for four-level PCF. In the literature, multi-
level anterior cervical fusions are known to be associated with a high
incidence of dysphagia [10,17]. Jack et al. examined differences in clin-
ical outcomes from baseline to minimum one-year follow up in patients
that underwent four-level ACDF with or without concurrent posterior
cervical fusion. While 18.3% reported early perioperative dysphagia —
higher than what was found in this present study of 8.7% - this was
transient and resolved for all but two patients [8].

When comparing long-term cervical reoperation rates, patients with
ACDF had greater than 1.4-fold higher rate of 5-year cervical reop-
erations compared to those that underwent PCF (26.3% vs. 18.3%,
p<0.001). Literature on long-term outcomes following four-level ACDF
corroborates our findings that reoperation rates may be higher for four-
level ACDF compared to PCF. The majority of revisions following ACDF
are related to either adjacent segment disease or pseudoarthrosis [18].
Wang et al. compared ACDF to laminectomy with fusion (LF) to treat
four-level cervical spondylotic myelopathy in 58 patients, and showed
that while cervical lordosis and fused segment lordosis were improved
in both groups after one week, after 24 months there was significantly
greater loss of lordosis and a higher non-union rate in patients that un-
derwent ACDF [15].

The current study does have limitations. As with other administrative
database studies, it is reliant on the accuracy of administrative coding
and the degree and details of the cervical pathology cannot be assessed.
Thus, relevant factors such as severity of preoperative stenosis, degen-
erative instability, patient reported outcomes and pain/functional im-
provement should be evaluated in future prospective studies. Further,
the specifics of the reoperations were limited based on the coding avail-
able. Notably, to keep the study cohorts and comparisons simple, other
treatment options such as anterior hybrid discectomy/corpectomy cases
and other posterior options such as laminoplasty were not assessed. Last,
the study subjects were largely covered by commercial plans. As most
patients on commercial plans are assumed to be of a higher socioeco-
nomic status compared to those on Medicaid, the outcomes results of
this study should be interpreted with this in mind. Despite these limi-
tations, the large cohorts assessed in the current study have not been
otherwise accessible in prior studies, allowing the current study to be
powered for assessments not previously possible.

Conclusion

Overall, compared to four-level anterior approach cases, four-level
posterior approach cases were associated with approximately double the
odds of any, serious, and minor adverse events, but around one third
the rate of dysphagia and two thirds the rate of five-year reoperations.
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While the pathology may dictate surgical approach, the cohorts stud-
ied here are much greater than previously reported for such studies and
suggest that (if both are appropriately indicated options) the choice be-
tween four-level anterior versus posterior approach becomes a balance
of risks/benefit considerations.
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