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Abstract
Study Design: Retrospective cohort study.

Objective: To provide insight into postoperative complications, short-term quality outcomes, and costs of the surgical
approaches of adult cervical deformity (ACD).

Methods: A national database was queried from 2007 to 2016 to identify patients who underwent cervical fusion for ACD.
Patients were stratified by approach type—anterior, posterior, or circumferential. Patients undergoing anterior and posterior
approach surgeries were additionally compared using propensity score matching.

Results: A total of 6575 patients underwent multilevel cervical fusion for ACD correction. Circumferential fusion had the highest
postoperative complication rate (46.9% vs posterior: 36.7% vs anterior: 18.5%, P < .0001). Anterior fusion patients more
commonly required reoperation compared with posterior fusion patients (P <.0001), and 90-day readmission rate was highest for
patients undergoing circumferential fusion (P <.0001). After propensity score matching, the complication rate remained higher in
the posterior, as compared to the anterior fusion group (P <.0001). Readmission rate also remained higher in the posterior fusion
group; however, anterior fusion patients were more likely to require reoperation. At index hospitalization, posterior fusion led to
1.5 higher costs, and total payments at 90 days were |.6x higher than their anterior fusion counterparts.

Conclusion: Patients who undergo posterior fusion for ACD have higher complication rates, readmission rates, and higher cost
burden than patients who undergo anterior fusion; however, posterior correction of ACD is associated with a lower rate of
reoperation.
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Introduction

Adult cervical deformity (ACD) has a diverse etiology,
including spondylosis, trauma, and inflammatory arthropathy
among others, and typically manifests in the sagittal plane
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(kyphosis), whereas coronal (scoliotic) deformities are less
frequent. ACD is often exacerbated by prior operative desta-
bilization, weakness of the intervertebral discs, and/or poster-
ior tension bands or develops on the grounds of ankylosing
spondylitis (AS). Irrespective of the etiology, it is associated
with high morbidity rates, and its correction is generally
resource intensive.'™
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Figure |. Payments for cervical fusion by type.

If left untreated, patients with ACD frequently suffer from
debilitating pain, poor health-related quality of life, and
patients’ risk to progressively lose function in case of associ-
ated myelopathy and neurological deficits. Severe forms of
ACD, such as chin-on-chest deformities, can even lead to the
inability to chew, swallow, or speak. Treatment options for the
management of ACD include anterior, posterior, or circumfer-
ential approaches, and valuable guidance for choosing each
approach based on morphological categories has recently been
proposed.*>

However, literature addressing cost and quality metrics for
each approach is currently limited. The objective of this study
was to provide insight into postoperative complications, short-
term quality outcomes, and costs of these approaches in an
effort to aid the surgical decision making for ACD.

Methods

Ethical Considerations

All data from these databases is de-identified. Therefore, this
study is exempt from institutional review board approval of
Stanford University School of Medicine in accordance with the
Health Insurance Portability and Accountability Act of 1996.

Data Source

The Thomson Reuters MarketScan Commercial Claims and
Encounters Database and the Medicare Supplemental and
Coordination of Benefits Database (Truven Health Analytics
Inc, Ann Arbor, MI) were queried from 2007 to 2015 to iden-
tify adult patients who underwent fusion for primary cervical

deformity. Both the Commercial Claims and Medicare Supple-
mental databases capture person-specific clinical utilization,
expenditures, and enrolment across inpatient, outpatient, and
prescription drug services. Diagnostic and procedural informa-
tion is available in the form of International Classification of
Diseases 9th Revision (ICD-9) and Current Procedural Termi-
nology (CPT) codes.

Inclusion Criteria

Patients who underwent fusion for ACD were identified via use
of the ICD-9 codes 737.0-737.9, 738.2, and 738.5. Of the
patients who had one of the aforementioned cervical deformity
ICD-9 codes, only those who also had a CPT code indicating
multilevel cervical arthrodesis listed in Figure 1 were included
in this study. Deformity surgery is inherently multilevel; how-
ever, given the potential error in administrative coding, the
multilevel fusion requirement ensured the precise capture of
patients undergoing fusion for deformity and not a nondefor-
mity pathology that would only require a single-level fusion.
Patients younger than 18 years of age or who underwent single-
level fusions were excluded.

Variables and Outcomes

Individual demographic information such as age, sex, and
region of admission and comorbidity status such as a history
of diabetes, congestive heart failure (CHF), arterial hyperten-
sion (aHT), cardiac arrhythmia, myocardial infarction (MI),
osteoporosis, and tobacco and alcohol use of each patient was
gathered. The Charlson Comorbidity Index (CCI) score was
calculated for each patient.
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Table |. Demographics (P Value Threshold 0.05/12 = .004).2

Variables Anterior, N = 4819 Posterior, N = 1241 Circumferential, N = 515 P
Age, mean (SD) 54.5 (10.9) 58.6 (13.5) 57.1 (10.4) <.0001
Female, n (%) 3125 (64.9) 643 (51.8) 280 (54.4) <.0001
CHF, n (%) 361 (7.5) 179 (14.4) 73 (14.2) <.0001
Hypertension, n (%) 2087 (43.3) 658 (53.0) 278 (54.0) <.0001
Diabetes, n (%) 1013 (21.0) 335 (27.0) 120 (23.0) .0001
Liver disease, n (%) 331 (6.9) 108 (8.7) 45 (8.7) .0403
Cardiac arrhythmia, n (%) 695 (14.4) 259 (20.9) 114 (22.4) <.0001
Tobacco use, n (%) 1438 (29.9) 378 (30.5) 175 (34.0) .1495
Alcohol use, n (%) 101 (2.1) 31 (2.5) 14 (2.7) .5033
Osteoporosis, n (%) 952 (19.8) 267 (21.5) 115 (22.5) .1893
CCl score (mean) 0.22 (0.6) 0.38 (0.8) 0.33 (0.7) <.0001
Region <.0001

Northeast 580 (12.0) 239 (19.3) 105 (20.4)

North Central 1006 (20.9) 273 (22.0) 94 (18.3)

South 2079 (43.1) 479 (38.6) 202 (39.2)

West 1054 (21.9) 221 (17.8) 99 (19.2)

Unknown 100 (2.1) 29 (2.3) 15 (2.3)

Abbreviations: CHF, congestive heart failure; CCl, Charlson Comorbidity Index.

Boldface indicates statistical significance at an alpha level P < .05.

The primary outcome of this study was the presence of a
postoperative complication (defined as a complication occur-
ring within 90 days of the index ACD surgery). These included
acute posthemorrhagic anemia, delirium, dysrhythmia, surgical
site hematoma, wound dehiscence or surgical site infection
(SSI), deep vein thrombosis (DVT), and MI. Complications
related to the respiratory systems such pulmonary embolism
(PE), pneumonia, acute respiratory distress syndrome (ARDS),
or other unspecified pulmonary complications were also ana-
lyzed. Short-term outcomes, specifically length of stay after the
index ACD surgery, readmissions, reoperations (defined as
presence a cervical fusion CPT/ICD9 code after index stay),
and costs (stratified into physician, hospital, and total payments
of the index hospitalization, as well as 90-day total payments)
were also considered.

Patient Groups, Propensity Score Matching, and
Statistical Analysis

Patients were stratified into 3 groups in this study based on
cervical fusion type: anterior, posterior, or circumferential
approach. Anterior and posterior cervical fusions have unique
CPT codes, and circumferential approach was defined as the
presence of both an anterior and posterior CPT codes in the
same admission—a methodology used often in the literature.
The circumferential cohort also included patients undergoing
posterior-anterior-posterior approaches.

To minimize the effect of potential confounding on the
direct comparison of patients undergoing an anterior or poster-
ior approach, a propensity-score match (PSM) was utilized. A
greedy nearest-neighbor algorithm was employed to match
patient cohorts with a 2:1 anterior to posterior ratio. A caliper
of 0.01 was utilized in the match, and replacement of patients in
the algorithm was not allowed. All baseline demographics and

comorbidities (n = 12) were input into the algorithm, leading to
the matched covariates having no statistically significant
differences.

Two-sample ¢ tests, ANOVA, X2 tests, or Fisher’s exact tests
were used as appropriate. P values were interpreted as signif-
icant only after applying the Bonferroni correction for multiple
comparisons. Information about the level of significance is
provided in each table caption. Statistical analysis was con-
ducted in R Studio, version 1.0.153.

Results

Patient Cohort

A total of 6575 patients met the inclusion criteria of this study,
of which 4819 patients (73.3%) had anterior cervical fusion,
1241 (18.8%) had posterior cervical fusion, and 515 (7.8%) had
circumferential cervical fusion.

Table 1 contains the baseline demographic data of the 3 study
groups. It is evident that study groups differed in particular with
respect to age and comorbidity, with patients undergoing poster-
ior cervical fusion being older and presenting with more comor-
bidities (higher CCI and higher rates of CHF, aHT, diabetes,
cardiac arrhythmia) as compared to patients undergoing anterior
cervical fusion. Female patients more frequently underwent
anterior as opposed to posterior cervical fusion, as did patients
treated in Southern and Western US regions (Table 1). Charac-
teristics of patients undergoing circumferential fusions mostly
ranged between those undergoing anterior or posterior fusion
only with regard to age, sex, and comorbidity (CCI).

Complications

Patients in the circumferential group experienced the highest
rates of postoperative complications within 90 days (46.9%)
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Table 2. Ninety-Day Complications (P Value Threshold 0.05/14 = .003).*
Variables, n (%) Anterior, N = 4819 Posterior, N = 1241 Circumferential, N = 515 P
Any complication 892 (18.5) 453 (36.7) 241 (46.9) <.0001
Delirium | I7 (2.4) 85 (6.9) 40 (7.8) <.0001
Deep vein thrombosis 5(0.3) 7 (0.6) 4 (0.8) .1585
Dysrhythmia 27 (0.6) 19 (1.5) 2 (0.4) .00l
Hematoma 6l (1.3) 40 (3.2) 12 (2.3) <.0001
Pulmonary embolism I (0.6) 21 (1.7) 8 (1.6) .0007
Posthemorrhagic anemia I4I (2.9) 122 (9.9) 68 (13.3) <.0001
Wound dehiscence 22 (0.5) 42 (3.4) 17 (3.3) <.0001
Mi 72 (1.5) 32 (1.6) 17 (3.3) .0014
Wound infection 55 (1.1) 78 (6.3) 30 (5.8) <.0001
Other wound complication I6 0.3) 21 (1.7) I (2.1) <.0001
Pneumonia 97 (2.0) 52 (4.2) 38 (7.4) <.0001
Pulmonary complication 2I9 (4.5) 124 (10.1) 102 (19.8) <.0001
ARDS 5(0.7) 13 (1.1) 10 (2.0) .0153
Abbreviations: M|, myocardial infarction; ARDS, acute respiratory distress syndrome.
?Boldface indicates statistical significance at an alpha level P < .05.
Table 3. Quality Outcomes (P Value Threshold 0.05/5 = .01).%
Variables Anterior, N = 4819 Posterior, N = 1241 Circumferential, N = 515 P
Length of stay, mean (SD) 2.1 (2.7) 44 (4.3) 4.9 (4.7) <.0001
Reoperations—90 days, n (%)
Any 1417 (29.4) 333 (26.9) 206 (40.0) <.0001
Anterior 1319 (27.4) 44 (3.6) 69 (13.4) <.0001
Posterior 119 (2.5) 296 (23.9) 141 (27.4) <.0001
Readmissions—90 days, n (%) 391 (8.1) 212 (17.1) 89 (17.4) <.0001

*Boldface indicates statistical significance at an alpha level P < .05.

followed by the posterior (36.7%) and anterior groups (18.5%; P
<.0001; Table 2). The most frequent postoperative complication
types were pulmonary (anterior: 4.5%, posterior: 10.1%, circum-
ferential: 19.8%, P <.0001) and anemia (anterior: 2.9%, poster-
ior: 9.9%, circumferential: 13.3%, P < .0001). In contrast,
dysrhythmia rates were highest in the posterior group (1.5% vs
anterior at 0.6% and circumferential at 0.4% P = .001), as were
surgical site hematomas (3.2% vs anterior at 1.3% and circum-
ferential at 2.3%, P < .0001). PE rates were similar among the
posterior (1.7%) and circumferential (1.6%) cohorts, but were
significantly lower in the anterior cohort (0.6%; P <.0007). This
observation was maintained in rates of wound complications:
dehiscence (anterior 0.5%, posterior 3.4%, circumferential
3.3%, P <.0001), SSI (anterior 1.1%, posterior 6.3%, circumfer-
ential 5.8%, P <.0001), and other wound complications (anterior
0.3%, posterior 1.7%, circumferential 2.1%, P <.0001). Rates of
MI were similar among anterior and posterior groups (1.5% and
1.6%, respectively), but were higher in the circumferential group
(3.3%; P = .0014). Rates of ARDS and DVT were similarly low
across all 3 groups.

Quality Outcomes

Patients who underwent circumferential fusion had the highest
mean length of stay (4.9 days), which was similar to the

posterior group (4.4 days), but significantly higher than the
anterior group (2.1 days; P < .0001; Table 3).

Readmission rates within 90 days were similar among
patients in the circumferential (17.4%) and posterior (17.1%)
groups, but lower in patients after anterior fusion (8.1%; P <
.0001; Table 3). The 90-day reoperation rate was 40% in the
circumferential group, significantly higher than both the ante-
rior (29.4%) and posterior groups (26.9%; P <.0001; Table 3).

Cost of Treatment

The costs were significantly higher in the circumferential
group, as compared to both the posterior and anterior groups
for all analyzed metrics (Table 4). Total payments for the index
hospitalization were highest in the circumferentially fused
patients ($95 366), followed by posteriorly ($67481) and ante-
riorly fused patients ($41855; P < .0001). This observation
continued until the 90-day time point (anterior $44 848; poster-
ior $74 556; circumferential $101049; P < .0001; Figure 1).

Direct Comparison: Anterior Versus Posterior
Cervical Fusion

The PSM algorithm successfully matched n = 2313 patients
after anterior fusion to n = 1227 after posterior fusion,
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Table 4. Cost Outcomes (P Value Threshold 0.05/5 = .0125).%

Anterior, Posterior, Circumferential,
Variables N =4819 N = 1241 N =515 P
Index
hospitalization
costs (mean)
Physician $8519 $9439 $14865 <.0001
payments
Hospital $29120 $52838 $73034 <.0001
payments
Total $41855  $6748I $95366 <.0001
payments
90-day total $44848  $74556 $101 049 <.0001
payments

*Boldface indicates statistical significance at an alpha level P < .05.

Table 5. Demographics for PSM Cohort (P Value = 0.05/12 = .004).

Anterior, Posterior,
Variables N =2313 N = 1227 P
Age, mean (SD) 577 (11.3) 586 (13.5) .1145
Female, n (%) 1192 (51.8) 641 (52.2)  .7811
CHF, n (%) 284 (12.3) 172 (14.0)  .1415
Hypertension, n (%) 1200 (51.8) 645 (52.8)  .6972
Diabetes, n (%) 586 (25.8) 326 (26.6) 4244
Liver disease, n (%) 173 (7.5) 106 (8.6) 2231
Cardiac arrhythmia, n (%) 418 (18.1) 253 (20.6) .0657
Tobacco use, n (%) 690 (29.8) 374 (30.5)  .6884
Alcohol use, n (%) 52 (2.3) 30 (2.4) AN
Osteoporosis, n (%) 500 (21.2) 266 (21.6) 966
CCl score, mean (SD) 0.33 (0.7) 0.37 (0.78)  .0837

Abbreviations: CHF, congestive heart failure; CCl, Charlson Comorbidity
Index.

eliminating any statistically significant baseline differences
(Table 5).

Patients undergoing posterior cervical fusion were twice as
likely as patients undergoing anterior cervical fusion to experi-
ence any kind of postoperative complication (odds ratio [OR] 2.0,
95% confidence interval [CI] 1.7-2.4, P < .0001; Table 6). The
significantly higher likelihood for complications in the posterior
fusion group was consistent across complication categories,
including medical (delirium, anemia, pulmonary complications)
and surgical (surgical site hematoma, wound dehiscence, SSI, and
other wound complications), and trends were observed for cardiac
dysrhythmia, PE, and pneumonia (all P > .003; Table 6).

Patients undergoing posterior cervical fusion stayed about
2 days longer in the hospital than those undergoing anterior
cervical fusion (P <.0001; Table 7). They were twice as likely
as patients undergoing anterior cervical fusion to be readmitted
to the hospital within 90 days (OR 2.0, 95% CI 1.6-2.4,
P < .0001). The rates of reoperations were not statistically
significant, but there was a trend toward more reoperations in
the anterior (30.7%) as compared to the posterior fusion cohort
(26.9%; P = .0173; Table 7).

With regard to costs, posterior cervical fusion patients
registered higher index hospitalization costs (P < .0001) with
a difference of +US$24 105. This difference was exacerbated
by 90 days (+US$27700, P < .0001; Table 7).

Discussion

Fusion procedures for the management of ACD typically
include anterior, posterior, or combined (circumferential)
approaches. Decision making in ACD includes defining one
or a combination of several treatment aims (decompress
nerves, stabilize motion segments, and correct deformity)
together with the patient; however, the ideal approach for cor-
rection is often unknown.>* The posterior approach is typically
utilized in the surgical management of patients with flexible
deformities, whereas anterior and combined approaches are
used because of their ability to provide both ventral decom-
pression and deformity correction.®'® Both anterior and poster-
ior approaches are effective in fixed deformity correction.'®
One particularly important factor in determine optimal treat-
ment strategy is the degree of deformity correction required.
Previous studies have reported anterior approaches achieving
moderate deformity correction ranging from 11° to 32°, poster-
ior approach achieving 23.3° to 53.8° of correction, and com-
bined approach correction ranging from 24° to 61.3°.'°
Combined anterior-posterior approaches are becoming more
popular given the potential for ventral lengthening and dorsal
shortening in the corrective surgery. Abumi et al further corro-
borated the superiority of the combined approach in degree of
correction, reporting reduction of kyphotic angles from 30.8° to
0.5° with combined anterior-posterior approaches.'' Surgeons
may also prefer combined or posterior approaches in lieu of
anterior alone particularly in patients with postlaminectomy
kyphosis where the risk of reconstructive failure is high.'* The
anterior approach is generally considered to be more tolerable
and still effective in achieving significant deformity correction,
whereas posterior and combined approaches offer greater
mechanical advantage but higher morbidity risks.'>¢13-13

As each approach has particular strengths, understanding
potential complications associated with each approach is also
essential for spine surgeons and their patients. Here, the present
study set out to determine complications and short-term quality
outcomes in a large, comparative sample of patients under-
going each of the 3 approach types. Our findings reveal signif-
icantly higher complication rates after circumferential, as
compared to anterior or posterior fusion procedures alone.
Those results are somehow expected as the combined approach
essentially combines the individual morbidity of each of the 2
isolated approached in the individual patient. The results are
also consistent with previous retrospective single-center data
from Cleveland (n = 76), where a total complication rate of
34% was described after fusion treatment for subaxial cervical
deformity surgery.'® The authors likewise found a higher com-
plication rate after circumferential (40%), as compared to both
ventral (30%) or dorsal approaches (27%). Whereas pulmonary
complications and anemia were most common in the current
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Table 6. Ninety-Day Complications for PSM Cohort (P Value Threshold 0.05/14 = .003).*

Variables, n (%) Anterior, n = 2313 Posterior, n = 1227 P OR (95% Cl)
Any complication 514 (22.3) 446 (36.5) <.0001 2.0 (1.7-2.4)
Delirium 66 (2.9) 84 (6.9) <.0001 2.5 (1.8-3.5)
Deep vein thrombosis I'1(0.5) 7 (0.6) .7025 1.2 (0.5-3.1)
Dysrhythmia 20 (0.9) 18 (1.5) .0967 1.7 (0.9-3.2)
Hematoma 26 (1.1) 39 3.2) <.0001 2.9 (1.8-4.8)
Pulmonary embolism 20 (0.9) 21 (1.7) .0246 2.0 (1.1-3.7)
Posthemorrhagic anemia 84 (3.6) 122 (10.0) <.0001 2.9 (2.2-3.9)
Wound dehiscence 9 (0.4) 41 (3.4) <.0001 8.8 (4.3-18.3)
MI 60 (2.6) 30 (2.5) 7955 0.9 (0.6-1.5)
Wound infection 17 (0.7) 75 (6.1) <.0001 8.8 (5.2-15.0)
Other wound complication 10 (0.4) 20 (1.6) .0002 3.8 (1.8-8.2)
Pneumonia 66 (2.9) 51 (4.2) .038I 1.5 (1.0-2.1)
Pulmonary complication 150 (6.5) 121 (9.9) .0003 1.58 (1.2-2.0)
ARDS 23 (1.0) 13 (1.1) .8497 I.1(0.5-2.1)

Abbreviations: OR, odds ratio; Cl, confidence interval; MI, myocardial infarction; ARDS, acute respiratory distress syndrome.

?Boldface indicates statistical significance at an alpha level P < .05.

Table 7. Quality Outcomes for PSM Cohort (P Value Threshold 0.05/5 = .01).?

Variables Anterior, n = 2313 Posterior, n = 1227 P OR (95% Cl)
Length of stay, mean (SD) 2.35 (3.3) 4.4 (4.1) <.0001 n/a
Reoperations—90 days, n (%)
Any 711 (30.7) 330 (26.9) .0173 0.9 (0.7-1.0)
Anterior 647 (28.0) 44 (3.6) <.0001 0.1 (0.1-0.1)
Posterior 73 (3.2) 293 (23.9) <.0001 9.6 (7.4-12.6)
Readmissions—90 days 219 (9.5) 210 (17.1) <.0001 2.0 (1.6-2.4)
Index Hospitalization Costs (Mean) P
Physician payments $8584 $9480 .0371
Hospital payments $30376 $52641 <.0001
Total payments $43244 $67 349 <.0001
90-day total payments $46 600 $74399 <.0001

Abbreviations: OR, odds ratio; Cl, confidence interval.
?Boldface indicates statistical significance at an alpha level P < .05.

sample, Grosso et al reported highest complication rates with
regard to DVT (10.5%), deep wound infection (7.9%), pneu-
monia (5.2%), PE (3.9%), surgical site hematoma (3.9%), and
nontransient dysphagia (>1month) requiring a feeding tube
(2.6%).'® In a single-center comparative analysis of approach
type for cervical deformity, Smith et al identified significantly
higher complication rates: anterior only (27.3%), posterior only
(68.4%), combined (79.3%; P = .007). This study also
described an important point when comparing surgical
approach for cervical deformity—patient selection and type
and complexity of deformity may strongly influence out-
comes. As previously discussed, anterior or posterior
approaches may be preferred for specific deformities, a fac-
tor recognized as a limitation for this study. However, a PSM
was utilized to equate morbidity between approach type
cohorts, and both postoperative and quality outcomes
remained significantly different between the 2 groups.

Approach types may also have differing operative character-
istics, for example, posterior approaches have been associ-
ated with fusions of a greater number of vertebral levels.”->!”
This increased operative burden is consistent with our find-
ings of longer hospital stays and increased costs associated
with posteriorly fused patients.

This study provides a comparative analysis of adult patients
undergoing anterior and posterior cervical fusion for spinal
deformity. Posterior and combined approaches carried higher
rates of morbidity than anterior alone, along with longer length
of stays, higher rates of revision surgery, and readmission. The
adverse outcomes associated with posterior fusion remained
after PSM to the anterior approach cohort. However, it is
important to note that patient selection and complexity of
deformity may be significant drivers of these outcome discre-
pancies. The database query did not allow us to obtain more
detailed information about the specific type of ACD, whereas
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the surgical approach is known to differ in case of fixed (not
passively correctable) versus non-fixed, ankylosed versus non-
ankylosed, fused anterior versus posterior versus circumferen-
tially.*'®' The lack of data on number of levels fused, severity
of curvature, and other metrics of deformity complexity par-
ticularly affected our ability to stratify the cohort by severity of
disease. The lack of severity metrics is a significant limitation
of this study. The specific indication for surgery, such as sig-
nificant pain, intolerable deformity, or neurological deficit, was
unavailable in this data set. Furthermore, as with all large data-
base studies, interpretations of this study are limited by the
administrative nature of this data. Further prospective studies
should be conducted to provide clarity in defining optimal
treatment strategies for patients with cervical deformities.

Conclusion

Patients undergoing posterior cervical fusion had higher rates
of postoperative complications, reoperations, and readmissions
than patients undergoing anterior cervical fusion. Of note, indi-
cations for anterior or posterior approach for cervical fusion
may differ significantly, influencing outcomes. Nevertheless,
this study identifies key differences in outcomes between the
surgical approach types for cervical deformities and may be
useful for surgical planning and patient education.
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