
Prospective Multicenter Assessment of Early
Complication Rates Associated With Adult Cervical
Deformity Surgery in 78 Patients

BACKGROUND: Few reports have focused on treatment of adult cervical deformity
(ACD).
OBJECTIVE: To present early complication rates associated with ACD surgery.
METHODS: A prospective multicenter database of consecutive operative ACD patients
was reviewed for early (#30 days from surgery) complications. Enrollment required at
least 1 of the following: cervical kyphosis .10 degrees, cervical scoliosis .10 degrees,
C2-7 sagittal vertical axis .4 cm, or chin-brow vertical angle .25 degrees.
RESULTS: Seventy-eight patients underwent surgical treatment for ACD (mean age,
60.8 years). Surgical approaches included anterior-only (14%), posterior-only (49%),
anterior-posterior (35%), and posterior-anterior-posterior (3%). Mean numbers of
fused anterior and posterior vertebral levels were 4.7 and 9.4, respectively. A total of
52 early complications were reported, including 26 minor and 26 major. Twenty-two
(28.2%) patients had at least 1 minor complication, and 19 (24.4%) had at least 1
major complication. Overall, 34 (43.6%) patients had at least 1 complication. The
most common complications included dysphagia (11.5%), deep wound infection
(6.4%), new C5 motor deficit (6.4%), and respiratory failure (5.1%). One (1.3%) mor-
tality occurred. Early complication rates differed significantly by surgical approach:
anterior-only (27.3%), posterior-only (68.4%), and anterior-posterior/posterior-ante-
rior-posterior (79.3%) (P = .007).
CONCLUSION: This report provides benchmark rates for overall and specific ACD
surgery complications. Although the surgical approach(es) used were likely driven by
the type and complexity of deformity, there were significantly higher complication rates
associated with combined and posterior-only approaches compared with anterior-only
approaches. These findings may prove useful in treatment planning, patient counseling,
and ongoing efforts to improve safety of care.
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A
dult cervical deformity (ACD) is an
uncommon but potentially severely debil-
itating condition with a broad range of

causes, including spondylosis, inflammatory
arthropathy, trauma, infection, iatrogenic, neo-
plastic, congenital, and neuromuscular patholo-
gies. The most common sagittal and coronal

plane deformities are kyphosis and scoliosis,
respectively. Cervical kyphosis may be progres-
sive and can result in neurological symptoms,
includingmyelopathy.1-4 The most severe forms,
such as those associated with spondylotic arthro-
pathies, can produce “chin-on-chest” deformi-
ties, which can compromise horizontal gaze,
swallowing, and breathing.5-7

In contrast to thoracolumbar deformities, less
progress has been made for ACD with regard to
characterization of clinical presentations, devel-
opment of standardized classification systems,
definition of optimal treatment approaches,
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assessment of operative complication rates, and rigorous study of
clinical outcomes after treatment.8-15 Smith et al16 recently
reported substantial variability in the surgical planning for
treatment of adult cervical deformities among a group of
experienced spine surgeons from across North America. As a first
step toward more structured study of ACD, Ames et al17 recently
proposed a standardized and easily reproducible classification
system to assess cervical deformity within the framework of global
spinopelvic alignment and clinically relevant parameters.
Although this classification has shown moderate intra-observer
and inter-observer reliability, prospective studies adopting this
classification system need to be conducted in order to define its
relationship to specific management principles and long-term
outcomes.

Significant advances have been made in cervical instrumenta-
tion and techniques for correction of ACD; however, there
remains a relative lack of reports that detail the types and incidence
of complications associated with these procedures. Health pro-
fessionals providing care for these patients are left to make
important treatment decisions based on a combination of personal
experience, expert opinion, and relatively small, often single-
surgeon or single-center retrospective case reports or case series.
This poses a challenge in counseling ACD patients regarding the
prognosis and potential risks of complications associated with
surgical treatment.

Our objectives in this study were to assess the rates of early
postoperative complications after surgery for ACD and to

determine clinical and surgical parameters associated with their
occurrence.

METHODS

Data Collection and Radiographic Assessment

Consecutive patients with ACD were prospectively enrolled at 13
centers through the International Spine Study group (ISSG). The ISSG is
composed of orthopedic and neurological surgeons with a practice
emphasis on spinal deformity. Internal review board approval was
obtained from each participating site prior to enrollment. Inclusion
criteria were age$18 years, presence of cervical deformity, and plan for
surgical correction of the deformity. For the purposes of this prospective
database, cervical deformity was defined as the presence of at least 1 of
the following: cervical kyphosis (C2-7 sagittal Cobb angle.10 degrees),
cervical scoliosis (C2-7 coronal Cobb angle .10 degrees), C2-7 sagittal
vertical axis (C2-7 SVA).4 cm, or chin-brow vertical angle.25 degrees
(Figure). The respective surgeons provided the primary deformity
diagnosis for classification at the time of patient enrollment. Patients
with active tumor or infection and patients who were pregnant or
planning to get pregnant during the study period were excluded from the
study. The operative approach, procedural choice, and instrumentation
use were at the discretion of the operating surgeon. Reported uses of
recombinant human bone morphogenetic protein-2 in the present study
are off-label applications.
Standardized data collection forms were used to collect patient

demographics, imaging studies, comorbidities, type of deformity,
details of the surgical procedures, outcome measures, and complica-
tions. As part of the study protocol, standardized complications

FIGURE. Artist illustrations of cervical radiographic parameters. A, C2-C7 sagittal vertical axis is the sagittal offset between a plumb line
dropped from the center of the C2 vertebral body and the posterior superior corner of the C7 vertebral body. For the illustrated example, the C2-
C7 sagittal vertical axis is 11.5 cm. B, C2-C7 cervical lordosis (CL) is the sagittal Cobb angle between the C2 and C7 vertebral bodies. The
chin-brow vertical angle (CBVA) is the angle subtended by a line drawn from the patient’s chin to brow and a vertical line. Copyright Kenneth
X. Probst. Published with permission from Xavier Studio. Color version available online only.
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reporting forms were completed at the perioperative time point and at
each clinical follow-up time point. The clinical follow-up time points
after surgery in the protocol were selected based on the clinical practice
patterns of the participating surgeons and included 3 months (window
of 8-16 weeks), 6 months (window of 4-8 months), 1 year (window of
9-23 months), and 2 years (window of 24-20 months). Given the early
stages of this prospective study, the present analysis focuses on early
(within 30 days of surgery) perioperative complications. Complications
that were reported at the perioperative time point and those reported at
the first clinical follow-up that had occurred within 30 days of surgery
were extracted for the present study.
At the time of hospitalization after surgery and at each postoperative

clinic visit, patients were assessed for complications through physical
examination and questioning. Only clinically significant cases of
dysphagia were reported because no standardized formal assessments
were performed in order to detect more subtle cases. With regard to
instrumentation malposition, reported cases were primarily those that
resulted in a deficit and/or required revision. De-identified data collected
from each site was sent to a single center where the entire sets of data were
summarized, analyzed, and the complications reviewed. The complica-
tions were further classified as major orminor. A complication was termed
major if it involved invasive intervention, had prolonged or permanent
morbidity, or resulted in death.
At preoperative assessment, standing long-cassette radiographs as well

as cervical anterior-posterior and lateral radiographs were obtained. All
spine radiographs were analyzed using validated software (SpineView;
ENSAM Laboratory of Biomechanics, Paris, France)18,19 at a central
location based on standard techniques.20,21 Long-cassette standing
radiographs were used for assessment of global sagittal alignment based
on the sagittal vertical axis (C7 plumbline relative to the posterosuperior
corner of S1). For the purposes of this study, patients with an SVA.15 cm
were classified as having global sagittal malalignment. All cervical
alignment parameters were assessed based on standing radiographs.

Data Analysis

Frequency distributions were determined for demographic and
surgical parameters. Data were assessed using the Kolmogorov-
Smirnov test for normality. The population cohort was divided into
2 groups based on the presence or absence of early complications. For
data with normal distribution, statistical comparisons of early
complication rates with demographic and surgical parameters were
performed using Student’s t test and ANOVA tests for continuous
variables and x2 test or Fisher exact test for categorical variables. For
data that were not normally distributed (Charlson Comorbidity
Index,22 estimated blood loss [EBL], operative time and number of
osteotomies), the Mann-Whitney test (nonparametric) was used to
determine statistical associations. Statistical tests were 2-tailed and
a P value of,.05 was considered statistically significant. Preoperative
and operative parameters were assessed for association with the
occurrence of early complications based on a univariate analysis. In
addition, comparison of clinical parameters and early complication
rates were made between patient cohorts based on surgical approaches
and performance of low-grade or high-grade osteotomies. High-grade
and low-grade osteotomies were defined based on the classification of
cervical osteotomies and soft-tissue release proposed by Ames et al.9

Low-grade osteotomies included partial and complete facetectomies,
anterior cervical corpectomy, and Smith-Petersen osteotomy
(Ames-Smith Types 1-4), and high-grade osteotomies included

posterior-based open wedge osteotomy, pedicle subtraction osteot-
omy, and vertebral column resection (Ames-Smith Types 5-7).

RESULTS

Demographic, Radiographic, and Surgical Parameters

A total of 78 consecutive patients with ACD met inclusion
criteria. The mean age was 60.8 6 10 years (range, 36.5-81.4
years) and included 46 men (59%) and 32 women, out of which
7 were active smokers. Baseline demographic and surgical data are
presented in Table 1. The types of ACD observed in the study
population were degenerative kyphosis (42.1%), iatrogenic
kyphosis (20.5%), traumatic kyphosis (5%), congenital kyphosis
(2.5%), cervical kyphoscoliosis (8.8%), ankylosing spondylitis
(2.5%), and other (18.6%). The mean preoperative C2-C7 SVA
was 47.2 6 32.18 mm (range, 233.7 to 103.5 mm), and the
mean baseline modified Japanese Orthopedic Association score
was 13.2 6 2.6 and the mean baseline Neck Disability Index
score was 50 6 18. Operative treatment included anterior-only
(n = 11 [14.2%]), posterior-only (n = 38 [58.7%]), and
combined anterior-posterior (n = 29 [27.1%]) approaches. Of
the 29 patients that underwent a combined surgical approach, 2
had a posterior-anterior-posterior approach and 25 had the
combined procedures in a single stage. The mean number of
fusion levels performed were 4.7 (anterior) and 9.4 (posterior).
The mean operative time was 373 6 212 minutes and the mean
EBL was 811 6 786 mL.

Early (#30 Days of Surgery) Complications

A total of 52 early complications (26 minor and 26 major)
occurred in 78 patients (Table 2). Early complications occurred in
34 patients (43.6%), for an overall early complication rate of
66.7%. The 26 minor complications occurred in 22 patients
(28.2%), for a minor complication rate of 33.3%, and the 26
major complications occurred in 19 patients (24.4%), for an
overall major complication rate of 33.3%. The most common
complication category was that of new neurological deficit (n =
11), and the most common specific complication was dysphagia
(n = 9). A single death (1.3%) was reported in a patient due to
respiratory arrest at 1 week after surgery.

Factors Associated With Early Complications

The preoperative factors studied for potential association with
the occurrence of early complications included demographic
parameters, baseline health-related quality of life measures
(modified Japanese Orthopedic Association and Neck Disability
Index scores), and history of previous cervical surgery. None of
these parameters were found to have significant association with
the occurrence of early complications (Table 3). Among the
diagnostic categories, early complication rates were highest in
patients with cervical kyphoscoliosis (4 out of 7 patients, 57.1%)
and least (0 out of 2 patients) in patients with congenital kyphosis
(Table 3).
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The impact of surgical parameters on incidence of early
complications is presented in Table 4. None of the operative
parameters were found to be associated with the occurrence of early
complications (P . .05). Although modest differences between
patients with and without early complications were noted with
regard to EBL (964.5 vs 702 mL, P = .38), operative time (416.5 vs
346.7 min, P = .20), and number of fusion levels (9.7 vs 8.5, P =
.13), these differences did not reach statistical significance.

Comparison Between Surgical Approaches

Baseline deformity parameters and early complication rates were
compared across the surgical approaches: anterior-only, posterior-
only, and combined (anterior-posterior and posterior-anterior-
posterior) (Table 5). Notably, baseline C2-C7 SVA was
significantly higher in the posterior-only group (57.8 mm) and
combined approach group (43.4 mm) as compared to the anterior-
only group (17.2 mm, P = .007). In addition, a greater number of
vertebral levels were fused in the posterior-only group (10.5) and
combined group (8.3) compared with the anterior-only group (4.1,
P , .001). The total early complication rates (major and minor)
were 27.3% for the anterior-only, 68.4% for the posterior-only,
and 79.3% for the combined approach group (P = .007).
Complication rates were significantly different between the
anterior vs posterior (P = .02) and the anterior vs combined
groups (P = .005). However, no significant difference was noted in

TABLE 1. Summary of Demographic, Radiographic and Surgical

Data of 78 Patients With Adult Cervical Deformitya

Adult Patients With

Cervical Deformities

(n = 78)

Demographic parameters

Age, yb 60.8 6 10

Sex

Male (%) 46 (59)

Female (%) 32 (41)

BMIb 29.7 6 7.9

Active smokers (%) 7 (8.9)

Presence of at least 1 comorbidity (%)c 52 (66.6)

CCIb,d 3.2 6 1.6

Presence of osteoporosis (%) 13 (16.6)

Previous cervical spine surgery (%) 39 (50)

Previous cervical spine fusion (%) 22 (28.2)

Diagnostic categories

Degenerative kyphosis (%) 33 (42.1)

Iatrogenic kyphosis (%) 16 (20.5)

Cervical kyphoscoliosis (%) 7 (8.8)

Traumatic kyphosis (%) 4 (5)

Congenital kyphosis (%) 2 (2.5)

Ankylosing spondylitis (%) 2 (2.5)

Others (%)c 14 (18.6)

Baseline mJOA scoreb 13.2 6 2.6

Baseline NDI scoreb 50 6 18

Baseline C2-C7 SVA (mm)b 47.2 6 32.2

Baseline SWAL-QOL score 75.8 6 18.1

Surgical parameters

Estimated blood loss (mL)b 811 6 786

Operative time (minutes)b 373 6 212

Number of fusion levelsb 8.9 6 3.8

Surgical approaches

Anterior-only (%) 11 (14.2)

Posterior-only (%) 38 (58.7)

Combined (%) 29 (27.1)

Surgical procedures

ACDF (%) 34 (43.5)

Corpectomy (%) 11 (14.2)

Low-grade osteotomy (%)e 26 (33.3)

High-grade osteotomy (%)e 23 (29.4)

Neural element decompression (%) 67 (85.8)

aACDF, anterior cervical discectomy and fusion; BMI, body mass index; CCI,

Charlson Comorbidity Index; mJOA, modified Japanese Orthopedic Association;

NDI, neck disability index; SVA, sagittal vertical axis; SWAL-QOL, quality of life in

swallowing disorders.
bValues presented as mean 6 standard deviation.
cComorbidity included cardiovascular disease, stroke, diabetes, hypertension,

pulmonary disease, liver disease, neuromuscular disease, rheumatoid arthritis, and

depression.
dCalculated by adding an additional 1-point for each decade above 40 years to the

Charlson Comorbidity Index score obtained.
eLow-grade osteotomies included partial or complete facetectomy, Smith-

Petersen osteotomy and corpectomy, whereas high-grade osteotomies included

pedicle subtraction osteotomy, vertebral column resection, and open wedge

3-column osteotomy.

TABLE 2. Summary of Early (#30 Days From Surgery)

Complications Among 78 Adults Surgically Treated for Cervical

Deformity

Complication Minor (%) Major (%) Total (%)

Dysphagia 7 (9.0) 2 (2.6) 9 (11.5)

Deep wound infection 0 5 (6.4) 5 (6.4)

New C5 motor deficit 0 5 (6.4) 5 (6.4)

Respiratory failure 1 (1.3) 3 (3.8) 4 (5.1)

New nerve root motor

deficit (not C5)

0 3 (3.8) 3 (3.8)

New nerve sensory deficit 1 (1.3) 2 (2.6) 3 (3.8)

Superficial wound infection 3 (3.8) 0 3 (3.8)

Dural tear 2 (2.6) 0 2 (2.6)

Death 0 1 (1.3) 1 (1.3)

Pulmonary embolism 0 1 (1.3) 1 (1.3)

Cardiac arrest 0 1 (1.3) 1 (1.3)

Cardiac event (not arrest) 1 (1.3) 0 1 (1.3)

Arterial injury 0 1 (1.3) 1 (1.3)

Instrumentation malposition 0 1 (1.3) 1 (1.3)

Excessive bleeding (.4 L) 0 1 (1.3) 1 (1.3)

Other 11 (14.1)a 0 11 (14.1)

Total 26 26 52

Number (%) of patients

affected

22 (28.2) 19 (24.4) 34 (43.6)

aMental status change (n = 4), syndrome of inappropriate anti-diuretic hormone

secretion (n = 2), Tapia syndrome (n = 1), oral thrush (n = 1), urinary retention (n =

1), traumatic Foley (n = 1), and hip numbness from graft site (n = 1).
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the complication rates between the posterior vs combined groups
(P = .59). The incidence of dysphagia for the combined group
(24.1%) was significantly higher compared to that of the anterior-
only (8.1%) and posterior-only (2.6%) groups (P = .01). There
were no significant differences in incidence of major complications
(P = .18), neurological complications (P = .18), intraoperative
complications (P = .74), or wound infections (P = .64) across the
surgical approach groups.

Compared with patients who underwent a single surgical
approach (anterior-only or posterior-only), those that underwent

a combined approach did not differ significantly with regard to age,
body mass index, Neck Disability Index, or modified Japanese
Orthopedic Association score, Charlson Comorbidity Index,
number of fusion levels, or EBL (Table 6). Operative time was
significantly greater for combined vs single approach procedures
(P , .001). Whether an osteotomy was performed and the
number of osteotomies performed did not differ significantly
between the single and combined approach groups, but a signif-
icantly greater proportion of the 3-column osteotomies (3CO)
were performed using a single approach (P = .002) (Table 6).

TABLE 3. Early Complications Associated With Surgery for Adult Cervical Deformity Stratified by Preoperative Parametersa

Preoperative Parameter

Early Surgical Complications

P ValueYes No

Sex (%) .62

Male 15 (46.8) 17 (53.2)

Female 19 (41.3) 27 (58.7)

Age (y)b 60.3 6 11.0 61.2 6 9.3 .68

Body mass indexb 30.8 6 8.4 29.3 6 7.8 .44

Smoker (%) .39

Yes 2 (28.5) 5 (71.5)

No 32 (45) 39 (55)

Presence of at least 1 comorbidity (%)c .10

Yes 26 (50) 26 (50)

No 8 (30.7) 18 (69.3)

Presence of osteoporosis (%) .41

Yes 7 (53.8) 6 (46.2)

No 27 (41.5) 38 (58.5)

Use of steroid medication (%) .79

Yes 2 (50) 2 (50)

No 32 (43.2) 42 (56.8)

Charlson Comorbidity Indexb 2.96 6 1.8 3.3 6 1.4 .37

Baseline mJOA scoreb 13.7 6 2.8 12.8 6 2.4 .20

Baseline NDI scoreb 49.8 6 18.1 50.1 6 18.2 .94

Baseline C2-C7 SVA (mm)b 51.3 6 30.4 44.6 6 33.3 .42

Previous cervical surgery (%) .64

Yes 16 (41) 23 (59)

No 18 (46.1) 21 (53.9)

Previous cervical fusion (%) .76

Yes 9 (40.9) 13 (59.1)

No 25 (44.6) 31 (55.4)

Diagnostic categories (%) .60d

a) Degenerative kyphosis 17 (51.5) 16 (48.5)

b) Iatrogenic kyphosis 7 (43.7) 9 (56.3)

c) Traumatic kyphosis 1 (25) 3 (75)

d) Congenital kyphosis 0 (0) 2 (100)

e) Cervical kyphoscoliosis 4 (57.1) 3 (42.9)

f ) Ankylosing spondylitis 1 (50) 1 (50)

g) Other 4 (28.5) 10 (71.5)

amJOA, modified Japanese Orthopaedic Association; NDI, neck disability index; SVA, sagittal vertical axis.
bValues are presented as mean 6 standard deviation.
cThese include the specific comorbidities listed in the Charlson Comorbidity Index as well as the following: ankylosing spondylitis, need for supplemental oxygen, pacemaker,

long-term steroid use, osteoporosis/osteopenia, neuromuscular disease (eg, Parkinson disease), rheumatoid arthritis, depression/anxiety, diabetes mellitus, angina/coronary

artery disease, cardiac arrhythmia, venous disease, and pancreatic disease (eg, pancreatitis).
dP value calculated for a, b, c, d, e, and f.
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Comparison Between High-Grade and
Low-Grade Osteotomies

Of the 50 patients treated with 1 or more osteotomies, 23
(46%) underwent high-grade and 27 (54%) had low-grade
osteotomies. Compared with patients treated with low-grade
osteotomies, patients treated with high-grade osteotomies had
significantly higher mean baseline C2-C7 SVA (P = .008),
underwent fusion extending over a greater number of vertebral
levels (P = .003), and had a higher EBL (P = .008, Table 7). The
high-grade osteotomy patients had a trend toward greater
incidence of total complications, major complications, neuro-
logical complications, dysphagia, and cardiopulmonary compli-
cations, but none of these differences reached statistical
significance.

Associations With New Neurological Deficit

Occurrence of new neurological deficit was the most common
complication category observed. Of the 11 patients (14%) with
new neurological deficit after surgery, 8 were classified as having

a motor nerve root deficit and 3 had sensory deficit. Five patients
developed a new onset C5 motor deficit (6.5%) postoperatively.
Table 8 summarizes the parameters assessed for association with
new postoperative neurological deficit. Notably, all of the new
neurological deficits occurred in patients in which a posterior
approach was used. Use of recombinant human bone morpho-
genetic protein-2, use of perioperative steroid medication,
performance of an osteotomy, and whether the surgery was
a revision procedure were not significantly associated with the
occurrence of early new neurological deficit.

DISCUSSION

Although ACD can have profound impact and the surgical
procedures to address these conditions can often be quite
extensive, few reports have focused on the treatment of these
patients and the associated complication rates. The present
study provides early complication rates associated with the
surgical treatment of ACD based on a prospective, multicenter

TABLE 4. Early Complications Associated With Surgery for Adult Cervical Deformity Stratified by Surgical Parameters

Surgical Parameter

Early Complications

P ValueYes No

Estimated blood loss, mLa 964.5 6 961 702 6 622 .38

Operative time, mina 416.5 6 209.8 346.7 6 200 .20

Use of perioperative steroids (%) .64

Yes 18 (46.1) 21 (53.9)

No 16 (41.1) 23 (58.9)

Use of bone morphogenetic proteinb (%) .82

Yes 14 (45.1) 17 (54.9)

No 17 (38.6) 27 (61.4)

Performance of osteotomyc (%) .39

Yes 20 (40) 30 (60)

No 14 (50) 14 (50)

Number of osteotomies performeda 2.12 6 2.5 2.8 6 3.4 .24

Performance of 3-column osteotomyd (%) .62

Yes 11 (47.8) 12 (52.2)

No 23 (41.8) 32 (58.2)

Performance of corpectomy (%) .23

Yes 3 (27.3) 8 (72.7)

No 31 (46.2) 36 (53.8)

Performance of decompression (%) .60

Yes 30 (44.7) 37 (55.3)

No 4 (36.4) 7 (63.6)

Number of levels fuseda 9.7 6 3.8 8.5 6 3.8 .13

Presence of global positive sagittal malalignment (%)e .59

Yes 7 (50) 7 (50)

No 27 (42.1) 37 (57.9)

aValues are presented as mean 6 standard deviation.
bRecombinant human bone morphogenetic protein-2 (rhBMP-2).
cOsteotomies included are partial facetectomy, complete facetectomy, corpectomy, Smith-Peterson osteotomy, open wedge osteotomy, pedicle subtraction osteotomy, and

vertebral column resection.
dIncludes open wedge osteotomy, pedicle subtraction osteotomy, and vertebral column resection only.
eDefined a C7-S1 sagittal vertical axis .15 cm.

EARLY COMPLICATIONS IN CERVICAL DEFORMITY SURGERY

NEUROSURGERY VOLUME 79 | NUMBER 3 | SEPTEMBER 2016 | 383

Copyright © Congress of Neurological Surgeons. Unauthorized reproduction of this article is prohibited.



study of 78 patients. A total of 52 early complications were
reported, including 26 minor and 26 major. Twenty-two
(28.2%) patients had at least 1 minor complication, and 19
(24.4%) had at least 1 major complication. Overall, 34 (43.6%)
patients had at least 1 complication. The most common

complications included dysphagia (11.5%), deep wound infec-
tion (6.4%), new C5 motor deficit (6.4%), and respiratory
failure (5.1%) with 1 (1.3%) mortality. The only operative
parameter that was found to have a significant association with
the occurrence of early complications was the surgical approach

TABLE 5. Comparisons of Early Complications Based on Surgical Approach for Adult Cervical Deformitya

Parameters

Surgical Approach

P ValuebAnterior-Only (n = 11) Posterior-Only (n = 38) Combined (n = 29)

Baseline NDI 44.3 54.9 45.4 .05

Baseline mJOA 13.7 12.8 13.7 .41

Baseline C2-C7 SVA 17.2 57.8 43.4 .007

No. of Fusion levels 4.3 10.5 8.1 ,.001

No. of osteotomies performed 0.6 2.3 2.7 .13

Complication rates

Early complications (major and minor) (%) 3 (27.3) 26 (68.4) 23 (79.3) .007

Major complications (%) 1 (9.05) 14 (36.8) 11 (37.9) .18

New neurological complications (%) 0 (0) 8 (20.5) 3 (10.7) .18

Dysphagia (%) 1 (8.1) 1 (2.6) 7 (24.1) .01

Intraoperative complicationsc (%) 1 (8.1) 3 (7.9) 1 (3.4) .73

Wound infection (%) 0 (0) 3 (7.9) 2 (6.8) .64

Cardio-pulmonary complicationsd (%) 0 (0) 4 (10.5) 3 (10.3) .53

amJOA, modified Japanese Orthopaedic Association; NDI, neck disability index; SVA, sagittal vertical axis.
bP values in bold indicate statistically significant differences.
cIntraoperative complications include dural tear, excessive blood loss (.4 L), instrumentation malposition, and vertebral artery injury.
dCardiopulmonary complications included cardiac arrest, respiratory failure, pulmonary embolism, and death.

TABLE 6. Comparison Between Single Approach and Combined Approach Proceduresa

Parameter

Surgical Approach

P ValuecSingleb Combined

Age (y) 60.6 6 10.4 61.2 6 9.4 .62

Body mass index 30.5 6 8.4 29.0 6 7.1 .42

Number of fusion levels 9.3 6 4.1 8.1 6 2.5 .12

Estimated blood loss 842 6 892 754 6 607 .85

Operative time 305.4 6 154 485.8 6 265 ,.001

CCI 3.14 6 1.44 3.37 6 1.89 .94

Baseline C2-C7 SVA 49.9 6 33.3 43.4 6 30.6 .44

Baseline NDI score 52.35 6 18.7 46.0 6 16.4 .13

Baseline mJOA score 13.1 6 2.8 13.5 6 2.2 .50

Number of osteotomiesd 1.9 6 2.2 2.7 6 3.9 .89

Performance of osteotomy (%)

Yes 34 (68) 16 (32) .20

No 15 (53.5) 13 (46.5)

Performance of 3-column osteotomy (%)

Yes 19 (82.6) 4 (17.4) .002e

No 19 (43.1) 25 (56.9)

aCCI, Charlson Comorbidity Index; mJOA, modified Japanese Orthopaedic Association; NDI, neck disability index; SVA, sagittal vertical axis.
bSingle approach includes procedures that were either anterior-only or posterior-only.
cP values in bold indicate statistically significant differences.
dOsteotomies included type 1 to 7 cervical osteotomies according to Ames et al.9

eComparison between combined approach and posterior-only approach groups.
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used (P = .007), with the highest complication rates seen with
the use of a combined approach (79.3%), as compared to
anterior-only (28.3%) or posterior-only (68.4%) approaches.
These differences could be at least partially related to the
greater C2-C7 sagittal malalignment (P = .007) and the greater
number of vertebral levels fused (P , .001) in the posterior-
only and combined approach groups. It is also important to
recognize that the higher complication rates that were
associated with combined approach procedures may be

primarily related to the severity of deformity that necessitated
use of a combined approach. Thus, the higher complication
rates associated with combined approaches should not neces-
sarily be viewed as an argument against using them because
some deformities may be best addressed with combined
approaches. Collectively, these data provide benchmark rates
for early complications associated with the surgical treatment
of ACD and may prove useful for treatment planning and
patient counseling.

TABLE 7. Comparison Between Low-Grade and High-Grade Osteotomies

Parameter

Type of Osteotomya

P ValuebLow-Grade (n = 27) High-Grade (n = 23)

Age (y) 61.3 6 10.1 60.3 6 9.3 .74

Body mass index 29.7 6 7.9 30.9 6 9.3 .65

Estimated blood loss (mL) 866 6 714 1030 6 713 .008

Operative time (min) 355 6 159 430 6 292 .58

Charlson Comorbidity Index 3.18 6 1.5 3.26 6 1.6 .99

C2-C7 sagittal vertical axis 40.3 6 29.2 67.0 6 29.3 .008

Number of fusion levels 8.3 6 3.2 11.3 6 3.1 .003

Total complications (%) 12 (44.6) 16 (59.5) .30

Major complications (%) 5 (18.5) 8 (34.7) .19

Neurological complications (%) 3 (11.1) 4 (17.3) .52

Dysphagia (%) 2 (7.4) 2 (8.6) .85

Intraoperative complications (%) 2 (7.4) 1 (4.3) .65

Cardiopulmonary complications (%) 1 (3.7) 3 (13) .33

aLow-grade osteotomies included partial or complete facetectomy, Smith-Petersen osteotomy and corpectomy, whereas high-grade osteotomies included pedicle

subtraction osteotomy, vertebral column resection, and open wedge 3-column osteotomy.
bP values in bold indicate statistically significant differences.

TABLE 8. Neurological Complications Associated With Surgery for Adult Cervical Deformity Stratified by Surgical Parameters

Surgical Parameter

New Neurological Complications

P ValueYes (n = 11) No (n = 67)

History of previous surgery (%)

Yes 4 (10.2) 35 (89.8) .33

No 7 (17.9) 32 (82.1)

Use of bone morphogenetic proteina (%)

Yes 3 (9.6) 28 (90.4) .82

No 8 (17) 39 (83)

Perioperative steroids (%)

Yes 8 (21.6) 29 (78.4) .07

No 3 (7.3) 38 (92.7)

3-column osteotomyb (%)

Yes 4 (17.3) 19 (82.7) .58

No 7 (12.7) 48 (97.3)

Neural element decompression (%)

Yes 11 (16.4) 56 (83.6) .34

No 0 (0) 11 (100)

aRecombinant human bone morphogenetic protein-2 (rhBMP-2).
bIncludes open wedge osteotomy, pedicle subtraction osteotomy, and vertebral column resection.
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The incidence of significant C5 nerve palsy in our study was
6.4%, which is higher than has been reported in previous studies
that have focused on cervical spondylotic myelopathy.23-28

Because the etiology of C5 nerve palsy remains controversial,
the reasons for this difference are not clear. It is possible that
the greater changes in spinal alignment for deformity correc-
tion, often achieved through osteotomies, may increase the risk
of compromise to the C5 nerve roots. In addition, many ACD
patients have had previous cervical surgery (50% in the present
series), and this may also increase the risk of nerve stretch or
other compromise. The prospective design of the present study
may also have led to a higher reporting rate for this
complication.

In a review of outcomes after surgery for cervical deformity,
Etame et al24 reported an early neurological complication rate of
13.5%, which is consistent with that in our series of 14.1%.
Notably, all of the neurological complications reported in the
present study were seen with either a combined or a posterior-
only approach. This difference did not reach statistical signifi-
cance, likely due to the relatively fewer number of anterior-only
procedures performed. Although none were reported in the
present series, it should be recognized that anterior-only
approaches certainly have risk of new neurological deficits. The
greater tendency for new neurological deficit with combined and
posterior-only procedures may reflect a greater magnitude of
surgery, including use of 3COs, performed through posterior
approaches. In addition, compared with anterior approaches,
posterior approaches often involve exposure of a greater number
of vertebral levels, placement of instrumentation near neural
structures, and more direct visualization of nerve roots.

Dysphagia after anterior cervical procedures has been reported
to range from 10% to 70%.25,29-34 In the present series, the
incidence of postoperative dysphagia was 11.5%, which is toward
the lower end of the reported range. One reason for the relatively
low rates in the present study may be due to the focus on
clinically significant cases, rather than routine screening that may
have detected additional more subtle cases. In addition, 49% of
our patients had a posterior-only operation and their dysphagia
rate, as expected, was low (2.6%). Patients who had combined
anterior-posterior procedures had the highest rate (24.1%) of
dysphagia, which is consistent with the findings of Fehlings
et al25 based on a series of prospectively collected surgically
treated cervical spondylotic myelopathy patients and Chen et al30

who reported a high rate of dysphagia (43.3%) in a series of 30
patients treated with combined anterior-posterior cervical spine
surgery. The possible explanation for this observation may be due
to substantially greater operative times and greater magnitude of
surgery for combined approaches, involving a greater number of
operated levels and greater magnitude of realignment.

In the present study, all of the wound infections (10.2%)
occurred in procedures involving a posterior approach. This is
consistent with previous reports that have demonstrated a very low
rate of infection with anterior cervical surgery and is likely related
to the limited amount of soft tissue disruption involved in this

approach and possibly to the differences in anterior vs posterior
tissue vascularization.35,36

The present study provides evaluation of complication rates in
a patient cohort that underwent relatively aggressive surgical
procedures for ACD correction. This is reflected by the fact that
64% of the study population underwent 1 or more cervical
osteotomies, and of these patients, 45% underwent a major 3CO.
The early complication rate in patients undergoing a 3CO was
found to be 47.8%,which is comparable to the previously reported
rate of 60% by Theologis et al.37 It was surprising to note that
patients in the present series undergoing a 3CO did not have
significantly higher overall complication rates as compared to
those that did not (P = .63). This may be due to improvements in
instrumentation and techniques, use of intraoperative neuro-
monitoring, and the level of experience among the operating
surgeons. Interestingly, in the majority of the patients that
underwent a high-grade osteotomy (19 out of 23), a posterior-
only approach was used. This observation may signify an evolving
trend among deformity surgeons to favor posterior-based 3COs,
rather than using combined approach procedures to achieve
cervical deformity correction.

Limitations

The primary strengths of the present study are the prospective
multicenter design with a standardized collection of detailed
clinical and surgical data. In addition, the patient cohort is
heterogeneous and represents a broad spectrum of cervical
deformities, which enhances the generalizability of the findings.
Potential limitations include lack of standardized criteria for
making surgical decisions among the participating surgeons,
which is reflective of the current lack of equipoise with regard to
surgical approaches for ACD. In addition, we did not use
standardized procedures to detect more subtle findings of
complications such as dysphagia or C5 palsy, but instead focused
on clinically significant cases. Furthermore, the present study
focuses on early complications. As our data mature, we anticipate
further study to assess long-term complications and their clinical
impact.

CONCLUSION

This study provides a comprehensive assessment of early
complication rates associated with surgery for adult cervical
deformity. Among 78 patients treated for ACD, a total of 52
early complications were reported (26 minor, 26 major). Overall,
34 (43.6%) patients had at least 1 complication and 24.4% had at
least 1 major complication. Increased complication rates were
associated with a combined approach as compared to single
approach. Importantly, the higher complication rates associated
with combined approaches should not necessarily be viewed as an
argument against using them because some deformities, especially
some of the most severe, may be best addressed with combined
approaches. The neurological complication rates in our study are
comparable to previous reports on surgery for cervical deformity
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and notably, in this series 3COs were not associated with
significantly higher complication rates. Collectively, these findings
may prove useful in the surgical decision-making and counseling of
patients with ACD.
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COMMENTS

T his is another well-written report from the cervical arm of the Inter-
national Spine Study group, which is comprised of a multicenter

prospectively collected database. The main focus of the study was to
establish early (,30 days postoperative) complication rate in 78 adult
patients with cervical deformity. A large category of data was analyzed
using different statistical methods, and ultimately they reported their
results. A total of 52 complications occurred, including a single mortality
due to respiratory failure. In the study, 43.6% of the patients had at least
1 early complication. The only factor that was significant was anterior or
posterior alone vs combined approaches (P = .007).
The authors should be congratulated in collecting such detailed

information both pre- and postoperatively in the patient cohorts.
Although the results were exactly as expected, higher complication rate for
more involved procedures, requiring longer operative time, more
demanding osteotomies, higher blood loss, and combined approaches,
this is an excellent initial reporting of adult cervical deformity patients. As
they stated multiple times in the report, this article will provide valuable
counseling information as we discuss perioperative issues with our adult
cervical deformity patients.

Anthony Sin
Shreveport, Louisiana

Smith et al have provided a valuable, timely report of early 30-day
postoperative complications after surgical treatment of cervical

spinal deformity. The patient data for this study was collected from
a multicenter prospective registry, which has generated several recent

high-impact articles by this reputable international study group. The
authors (neurosurgeons and orthopedic surgeons) are to be com-
mended for their collective effort in expanding our scientific knowl-
edge, and ultimately striving to improve care for patients with this
challenging condition.
The types of complications and their associated factors (eg, higher

incidence of dysphagia for anterior-posterior vs posterior-only surgery)
among 78 surgically treated patients are notable yet not entirely surprising.
The cohort as a whole demonstrated a total of 52 complications. Perhaps
most significantly, nearly a quarter of the patients had at least 1 major
complication, an occurrence rate much higher than non-deformity cer-
vical spine surgery. This increased complication rate speaks to the inherent
risk profile of this specific patient population and/or the surgical measures
used to treat them. And therein lies some of the potential limitations in
interpreting this data as presented. Much of the granular detail regarding
extent of underlying deformity, surgeon assessment and decision-making,
operative techniques utilized, degree of correction achieved, and standards
of perioperative care for any individual patient cannot be reasonably
discerned from aggregate data.
This is none more apparent than the observed lower complication

rate for anterior-only surgery (27.3%) compared to posterior-only
(68.4%) and combined surgery (79.3%). The authors readily point out
that one should not necessarily conclude that anterior-only surgery is
superior (from a patient safety standpoint), as individual patient factors
and surgeon expertise likely determined the optimal overall approach.
In fact, the anterior-only group had a much lower preoperative mean
C2-7 sagittal vertical axis (17.2 mm) compared to the posterior-only
(57.8 mm) and combined (43.4 mm) groups, suggesting less severe
baseline deformity, and likely less aggressive surgical correction. A
relatively low threshold for inclusion (kyphosis .10 degrees), and
a baseline sagittal vertical axis (for the entire group) ranging from
233.7 to 103.5 mm underscore the broad heterogeneity of this study
population.
This limitation to some degree affects the ability to use this data when

counseling individual cervical deformity patients for shared decision-
making. The true value of this study (and of large multicenter registries in
general) is to establish benchmark patient-centered outcomes as they relate
to specific diagnoses and surgical interventions. The current era in
healthcare is being defined by the emphasis on quality of physician and
health system performance. Complications studies such as this are
essential for determining a critical variable (patient safety) in the value-
based equation. Smith et al are forward thinking by prospectively
collecting multicenter registry data with longitudinal patient-centered
outcomes to better characterize the value of cervical deformity surgery. For
this the authors should be congratulated. I eagerly anticipate future reports
from this research group as they continue to assess this cohort of patients
with longer term clinical follow-up.

Daniel J. Hoh
Gainesville, Florida
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