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Neurological Complications and Recovery
Rates of Patients With Adult Cervical
Deformity Surgeries

Han Jo Kim, MD1 , Yu-Cheng Yao, MD1,2 , Christopher I. Shaffrey, MD3,
Justin S. Smith, MD, PhD4, Michael P. Kelly, MD5 , Munish Gupta, MD5 ,
Todd J. Albert, MD1, Themistocles S. Protopsaltis, MD6,
Gregory M. Mundis Jr, MD7, Peter Passias, MD6, Eric Klineberg, MD8,
Shay Bess, MD9, Virginie Lafage, PhD1, and Christopher P. Ames, MD10;
International Spine Study Group (ISSG)

Abstract

Study Design: Retrospective cohort study.

Objective: This study aims to report the incidence, risk factors, and recovery rate of neurological complications (NC) in patients
with adult cervical deformity (ACD) who underwent corrective surgery.

Methods: ACD patients undergoing surgery from 2013 to 2015 were enrolled in a prospective, multicenter database. Patients
were separated into 2 groups according to the presence of neurological complications (NC vs no-NC groups). The types, timing,
recovery patterns, and interventions for NC were recorded. Patients’ demographics, surgical details, radiographic parameters,
and health-related quality of life (HRQOL) scores were compared.

Results: 106 patients were prospectively included. Average age was 60.8 years with a mean of 18.2 months follow-up. The overall
incidence ofNCwas 18.9%; of these, 68.1%weremajor complications. Nerve rootmotor deficit was themost common complication,
followed by radiculopathy, sensory deficit, and spinal cord injury. The proportion of complications occurring within 30 days of
surgery was 54.5%. The recovery rate from neurological complication was high (90.9%), with most of the recoveries occurring within
6 months and continuing even after 12 months. Only 2 patients (1.9%) had continuous neurological complication. No demographic
or preoperative radiographic risk factors could be identified, and anterior corpectomy and posterior foraminotomy were found to
be performed less in the NC group. The final HRQOL outcome was not significantly different between the 2 groups.

Conclusions: Our data is valuable to surgeons and patients to better understand the neurological complications before per-
forming or undergoing complex cervical deformity surgery.
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motor deficits were identified more frequently within 30 days

(88.9%, p ¼ 0.01) than after 30 days of surgery, whereas the

sensory deficits (80%, p¼ 0.14) and radiculopathy (66.6%, p¼
0.35) were more frequently identified after 30 days of surgery.

Of the overall neurological complications, 90.9% (n ¼ 20)

had partial or complete recovery (63.6% complete recovery,

27.3% partial recovery). Most recoveries occurred in the first

6 months. Recovery was seen in 20% and 60% of patients at

6 weeks and 6 months, respectively. The proportion of patients

with recovery continuing >12 months was 35%. The propor-

tion of patients with complete recovery from nerve root motor

deficits, sensory deficits and radiculopathy were 77.8%, 40%
and 62.5%, respectively (Table 1). The neurological complica-

tion type was not correlated to the complete recovery rate (p ¼
0.2). Persistent neurological complication was observed in 2

patients (1.9% of patients), including one with radiculopathy

and another with a sensory deficit. Ten patients received inter-

ventions for the neurological complications, including physical

therapy (n ¼ 6) and reoperations (n ¼ 4). The reoperation rate

of patients was 3.8% of the whole cohort and 20% of the NC

group. The intervention type and timing were not significantly

associated with the recovery from neurological complications.

Risk Analysis Between the NC and No NC Groups

Table 2 summarizes the demographic and baseline radio-

graphic parameters of the NC and no-NC groups. The risk

analysis of patients’ demographics showed that there were no

significant differences between the NC and no-NC groups. The

baseline values of the radiographic parameters of the entire

cohort were as follows: C2-C7 lordosis, �6.9� + 20.7�; T1
slope, 31.5� + 17.1�; TS-CL, 38.3� + 19.2�; and C2-C7 SVA,
39.4 + 19.7mm. The cSVA was higher in the NC group than

in the no-NC group (44.2 + 17.3 vs 38.3 + 20.1mm, p ¼
0.19), but the difference was not statistically significant. There

was no significant difference in the baseline radiographic para-

meter values between the 2 groups.

The results of the surgical parameter analysis showed that

there were no differences in the type of approach, level fused,

presence of anterior fusion, posterior three-column osteotomy

Table 1. Overview of all Neurological Complications.

Complication type Total number (%)

Types Timing Recovery pattern

Major Minor Before 30 days After 30 days Complete Partial None

Nerve root motor deficit
C5 root 5 (22.7) 4 (80) 1 (20) 5 (100) 0 (0) 4 (80) 1 (20) 0 (0)
Other roots 4 (18.2) 4 (100) 0 (0) 3 (75) 1 (25) 3 (75) 1 (25) 0 (0)

Radiculopathy 6 (27.4) 2 (33.3) 4 (66.6) 2 (33.3) 4 (66.6) 3 (50) 2 (33.3) 1 (16.7)
Sensory deficit 5 (22.7) 4 (80) 1 (20) 1 (20) 4 (80) 2 (40) 2 (40) 1 (20)
Spinal cord deficit 1 (4.5) 1 (100) 0 (0) 0 (0) 1 (100) 1 (100) 0 (0) 0 (0)
Others 1 (4.5) 0 (0) 1 (100) 1 (100) 0 (0) 1 (100) 0 (0) 0 (0)
Total 22 (100) 15 (68.2) 7 (31.8) 12 (54.5) 10 (45.5) 14 (63.6) 6 (27.3) 2 (9.1)

Result are shown in numbers (% of all complications).

Table 2. Patient Demographic and Radiographic Parameters Between the 2 Groups.

Parameters Total cohort (n ¼ 106) No NC group (n ¼ 86) NC group (n ¼ 20) P-value

Demographics parameters
Age (years) 60.8 + 11.0 61.0 + 10.5 59.9 + 13.1 0.69
Female sex 62 (58.5%) 50 (58.8%) 12 (60%) 0.88
BMI (kg/m2) 29.7 + 8.2 29.8 + 8.3 29.3 + 8.0 0.80
Active smoker 11 (11.3%) 12 (14%) 0 (0%) 0.12
Osteoporosis 12 (11.3%) 8 (9.3%) 4 (20%) 0.23
Diabetes 8 (7.5%) 8 (9.3%) 0 (0%) 0.35
CCI 0.9 + 1.2 0.9 + 1.3 0.7 + 1.0 0.42
Prior cervical surgery 43 (40.6%) 34 (39.5%) 9 (45%) 0.65
Prior anterior fusion 26 (24.5%) 20 (23.3%) 6 (30%) 0.53
Prior posterior fusion 24 (22.6%) 20 (23.3%) 4 (20%) 0.75

Radiographic parameters
Baseline C2-C7 lordosis (�) �6.9 + 20.7 �7.3 + 18.7 �5.2 + 28.0 0.69
Baseline T1 slope (�) 31.5 + 17.1 30.8 + 17.1 34.4 + 17.2 0.40
Baseline TS—CL (�) 38.3 + 19.2 38.0 + 18.5 39.6 + 22.1 0.77
Baseline cSVA (mm) 39.4 + 19.7 38.3 + 20.1 44.2 + 17.3 0.19

BMI, body mass index; CCI, Charlson comorbidity index; TS, T1 slope; CL, cervical lordosis; cSVA, C2-C7 sagittal vertical axis. Results are shown as mean +
standard deviation or numbers (%).
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Introduction

Adult cervical deformity (ACD) is caused by numerous etiol-

ogies, including iatrogenic, inflammatory congenital, trau-

matic, infectious, and neuromuscular disorders, arthropathy,

and spondylosis.1,2 In severe ACD patients, cervical instability

and sagittal malalignment can lead to pain, neurologic symp-

toms, and cervical specific symptoms, including difficulty in

maintaining a horizontal gaze, dysphagia, and dyspnea. Recent

studies had addressed the association between sagittal mala-

lignment of the cervical spine and its health impact on sympto-

matic ACD patients.3-6 Corrective surgery is effective for most

symptomatic patients, as it restores the sagittal malalignment,

relieves symptoms, and improves patient-reported out-

comes.1,7-10

The wide variations in surgical correction techniques,

including different surgical approaches, osteotomy methods,

and selection of fusion levels and numbers, make the surgical

decision-making in ACD settings challenging and controver-

sial. While recent endeavors have evolved around the develop-

ment of classifications of treatment strategies,11-14 a strong

consensus on the characteristics and surgical corrective tech-

niques are still lacking.15 Prior studies showed that variations in

surgical approaches and osteotomy methods can significantly

affect patient outcomes and occurrence of complications.15-21

Neurological complications are among the most significant

concerns of ACD patients after a complex surgery. The

reported incidence of overall complication in ACD patients

was 34%-64.2%,19,20,22-26 and that of neurologic complications

was 13.5%-28.9%.7,20,23-27 However, only a few studies

focused solely on neurological complications. The types, risk

factors, timing of neurological complications, management

strategies, and recovery are still underreported. Thus, the pres-

ent study aimed to report the details of neurological complica-

tions in ACD patients who had undergone corrective surgeries.

Materials and Methods

This was a retrospective study of a prospectively collected

multicenter database of patients with CD from 2013 to 2015.

Institutional review board approval was obtained from each of

the participating sites across the country. Informed consent was

obtained from the patients. Inclusion criteria of the database

were patients aged >18 years and at least 1 of the following

radiographic criteria: cervical scoliosis with Cobb angle �10�,
C2-C7 sagittal vertical axis (SVA) �4 cm, cervical kyphosis

�25�, and/or chin-brow vertical angle (CBVA)�25�. An addi-
tional criterion for patients included in this study was a mini-

mum of 6-week follow-up to capture all acute and

perioperative neurologic complications. Patients with an active

tumor or infection were excluded.

Patients’ demographics and surgical details were collected

and included age, sex, body mass index (BMI), Charlson

comorbidity index (CCI), smoking status, history of cervical

surgery, estimated blood loss (EBL), surgical time, levels

fused, type of osteotomy, surgical approach, decompression,

osteotomy, perioperative steroid used, bone morphogenic pro-

tein (BMP) used, and length of hospital stay. Radiographic

parameters, including C2-C7 lordosis, C2-C7 sagittal vertical

axis (cSVA), T1 slope (TS), and TS minus cervical lordosis

(TS-CL), were measured on the standing cervical radiographs

obtained preoperatively (baseline) and at the 6-week, 3-month,

6-month, 1-year, and 2-year post-operative follow-up.

Neurological complications were separated into surgery-

related and non-surgery-related complications. Surgery-

related complications included motor deficits, sensory deficits,

radiculopathy, and spinal cord injury with myelopathy. Non-

surgery-related complications included meralgia paresthesica,

mental status changes, and stroke. The primary outcome of this

study was the surgery-related complications at each time-point.

Patients were then separated into groups with neurological

complications (NC group) or without neurological complica-

tions (no-NC group).

Major complications were defined as those requiring addi-

tional intervention or a return to the operating room, resulting

in increased length of hospital stay, or that were not resolved

during follow-up. Minor complications were those that did not

compromise the length of hospital stay, or require additional

interventions, or managed with minimal changes to the plan of

care. Recovery from neurological complications was recorded

as none, partial, and complete during follow-up. Interventions

for the neurological complications were recorded as observa-

tion, physiotherapy, or reoperation. The health-related quality

of life (HRQOL) scores, including the neck numerical rating

scale (NRS), EQ-5D, Neck Disability Index (NDI), and mod-

ified Japanese Orthopaedic Association (mJOA) score, were

obtained preoperatively and at each post-operative follow-up

visit.

Statistical analysis was performed using IBM SPSS (version

22.0; IBM Corp., Armonk, NY USA). Categorical data was

compared using the chi-squared or Fisher’s exact tests. Con-

tinuous data was compared using an independent t-test or

Wilcoxon rank-sum tests, where appropriate. A 2-tailed signif-

icance level was set at p < 0.1.

Results

A total of 124 patients were reviewed in the database, and 106

patients met the study’s inclusion criteria. Patients’ average age

was 60.8 + 11.0 years, and the mean follow-up duration was

18.2 + 9.2 months. The proportion of female patients was

58.5%. Twenty-two neurological complications were observed

in 20 patients; of which 15 were major (68.1%), and 7 were

minor complications (31.9%) (Table 1). The overall incidence

of surgery-related neurological complications was 18.9%.

More than half of the neurological complications were identi-

fied within 30 days of surgery (n ¼ 12, 54.5%). The most

common complication type was nerve root motor deficit (n ¼
9, 40.9%), followed by radiculopathy (n ¼ 6, 27.4%), sensory

deficit (n ¼ 5, 22.7%), spinal cord deficit (n ¼ 1, 4.5%), and

others (n ¼ 1, 4.5%) (Table 1). In the subgroup analysis of

neurological complication type and timing, the nerve root
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motor deficits were identified more frequently within 30 days

(88.9%, p ¼ 0.01) than after 30 days of surgery, whereas the

sensory deficits (80%, p¼ 0.14) and radiculopathy (66.6%, p¼
0.35) were more frequently identified after 30 days of surgery.

Of the overall neurological complications, 90.9% (n ¼ 20)

had partial or complete recovery (63.6% complete recovery,

27.3% partial recovery). Most recoveries occurred in the first

6 months. Recovery was seen in 20% and 60% of patients at

6 weeks and 6 months, respectively. The proportion of patients

with recovery continuing >12 months was 35%. The propor-

tion of patients with complete recovery from nerve root motor

deficits, sensory deficits and radiculopathy were 77.8%, 40%
and 62.5%, respectively (Table 1). The neurological complica-

tion type was not correlated to the complete recovery rate (p ¼
0.2). Persistent neurological complication was observed in 2

patients (1.9% of patients), including one with radiculopathy

and another with a sensory deficit. Ten patients received inter-

ventions for the neurological complications, including physical

therapy (n ¼ 6) and reoperations (n ¼ 4). The reoperation rate

of patients was 3.8% of the whole cohort and 20% of the NC

group. The intervention type and timing were not significantly

associated with the recovery from neurological complications.

Risk Analysis Between the NC and No NC Groups

Table 2 summarizes the demographic and baseline radio-

graphic parameters of the NC and no-NC groups. The risk

analysis of patients’ demographics showed that there were no

significant differences between the NC and no-NC groups. The

baseline values of the radiographic parameters of the entire

cohort were as follows: C2-C7 lordosis, �6.9� + 20.7�; T1
slope, 31.5� + 17.1�; TS-CL, 38.3� + 19.2�; and C2-C7 SVA,
39.4 + 19.7mm. The cSVA was higher in the NC group than

in the no-NC group (44.2 + 17.3 vs 38.3 + 20.1mm, p ¼
0.19), but the difference was not statistically significant. There

was no significant difference in the baseline radiographic para-

meter values between the 2 groups.

The results of the surgical parameter analysis showed that

there were no differences in the type of approach, level fused,

presence of anterior fusion, posterior three-column osteotomy

Table 1. Overview of all Neurological Complications.

Complication type Total number (%)

Types Timing Recovery pattern

Major Minor Before 30 days After 30 days Complete Partial None

Nerve root motor deficit
C5 root 5 (22.7) 4 (80) 1 (20) 5 (100) 0 (0) 4 (80) 1 (20) 0 (0)
Other roots 4 (18.2) 4 (100) 0 (0) 3 (75) 1 (25) 3 (75) 1 (25) 0 (0)

Radiculopathy 6 (27.4) 2 (33.3) 4 (66.6) 2 (33.3) 4 (66.6) 3 (50) 2 (33.3) 1 (16.7)
Sensory deficit 5 (22.7) 4 (80) 1 (20) 1 (20) 4 (80) 2 (40) 2 (40) 1 (20)
Spinal cord deficit 1 (4.5) 1 (100) 0 (0) 0 (0) 1 (100) 1 (100) 0 (0) 0 (0)
Others 1 (4.5) 0 (0) 1 (100) 1 (100) 0 (0) 1 (100) 0 (0) 0 (0)
Total 22 (100) 15 (68.2) 7 (31.8) 12 (54.5) 10 (45.5) 14 (63.6) 6 (27.3) 2 (9.1)

Result are shown in numbers (% of all complications).

Table 2. Patient Demographic and Radiographic Parameters Between the 2 Groups.

Parameters Total cohort (n ¼ 106) No NC group (n ¼ 86) NC group (n ¼ 20) P-value

Demographics parameters
Age (years) 60.8 + 11.0 61.0 + 10.5 59.9 + 13.1 0.69
Female sex 62 (58.5%) 50 (58.8%) 12 (60%) 0.88
BMI (kg/m2) 29.7 + 8.2 29.8 + 8.3 29.3 + 8.0 0.80
Active smoker 11 (11.3%) 12 (14%) 0 (0%) 0.12
Osteoporosis 12 (11.3%) 8 (9.3%) 4 (20%) 0.23
Diabetes 8 (7.5%) 8 (9.3%) 0 (0%) 0.35
CCI 0.9 + 1.2 0.9 + 1.3 0.7 + 1.0 0.42
Prior cervical surgery 43 (40.6%) 34 (39.5%) 9 (45%) 0.65
Prior anterior fusion 26 (24.5%) 20 (23.3%) 6 (30%) 0.53
Prior posterior fusion 24 (22.6%) 20 (23.3%) 4 (20%) 0.75

Radiographic parameters
Baseline C2-C7 lordosis (�) �6.9 + 20.7 �7.3 + 18.7 �5.2 + 28.0 0.69
Baseline T1 slope (�) 31.5 + 17.1 30.8 + 17.1 34.4 + 17.2 0.40
Baseline TS—CL (�) 38.3 + 19.2 38.0 + 18.5 39.6 + 22.1 0.77
Baseline cSVA (mm) 39.4 + 19.7 38.3 + 20.1 44.2 + 17.3 0.19

BMI, body mass index; CCI, Charlson comorbidity index; TS, T1 slope; CL, cervical lordosis; cSVA, C2-C7 sagittal vertical axis. Results are shown as mean +
standard deviation or numbers (%).
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(3CO), posterior laminectomy, and BMP used between the 2

groups (Table 3). The presence of anterior corpectomy and pos-

terior foraminotomy was higher in the no-NC group (23.3% vs

17.4%) than in theNCgroup (5% vs 0% [p¼ 0.07], respectively).

The NC group more frequently used perioperative steroids (70%
vs 45.3%, p¼ 0.05). The length of hospital stay was higher in the

NC group (9.4+ 8.4 vs 6.2+ 6.7 days, p ¼ 0.07).

HRQOL Outcomes

The mean preoperative baseline NRS and NDI scores were 6.9

+ 2.3 and 50.3+ 17.6, respectively, indicating the presence of

severe disability in the present cohort. The mJOA score was

13.3 + 2.7, reflecting moderate cervical myelopathy. The

NRS, NDI, and EQ5D scores improved significantly after sur-

gery (p < 0.001) and were not significantly different between

the 2 groups at baseline and final follow-up (Table 4). The NC

group had a higher baseline mJOA score than the no NC group

(14.4 + 2.2 vs. 13.0 + 2.7, p ¼ 0.04). The NC group showed

worsening in the mJOA score by �0.9 + 2.3, whereas the no

NC group showed an improvement by 1.4 + 2.3. The change

in mJOA score was significantly different between the 2 groups

(p < 0.001); however, the final mJOA score between the 2

groups was not different.

Other Complications (Non-Neurologic) and Reoperations

There were 107 complications, other than neurological com-

plications, identified in 57 patients. The types and rates of other

complications between the NC and non-NC group were similar

(Table 5). There was one death due to deep wound infection.

The mortality rate was not significantly different between the 2

groups. Eighteen reoperations occurred in 16 patients. The reo-

peration rate of the patients due to other complications was

15.1% (Table 5). The reasons for reoperations were not differ-

ent between the 2 groups. (Table 5)

Discussion

To our knowledge, this is the first large prospective cohort

study to report the incidence, timing of occurrence, and

Table 3. Surgical Details of Patients With and Without Neurologic
Complications.

Parameters
No NC group

(n ¼ 86)
NC group
(n ¼ 20) P-value

Surgical parameters
Approach 0.43
Anterior only 16 (18.5%) 3 (15%)
Posterior only 38 (44.2%) 12 (60%)
Combine approach 32 (37.2%) 5 (25%)

Level fused (anterior) 4.4 + 1.2 4.8 + 0.7 0.29
Level fused (posterior) 9.7 + 4.2 10.0 + 4.0 0.81
% anterior fusion 46 (53.5%) 8 (40%) 0.28
% anterior corpectomy 20 (23.3%) 1 (5%) 0.07
% posterior 3CO 16 (18.6%) 6 (30%) 0.26
% posterior laminectomy 49 (57%) 11 (55%) 0.87
% foraminotomy 15 (17.4%) 0 (0%) 0.07
Use of BMP 31 (44.3%) 10 (58.8%) 0.28
Perioperative steroid use 39 (45.3%) 14 (70%) 0.05

Surgical outcome
EBL (ml) 798.7 + 842.3 885.8 + 1119.5 0.75
Surgical time (mins) 371.8 + 202.9 304.6 + 170.4 0.14
Length of hospital stay

(days)
6.2 + 6.7 9.4 + 8.4 0.07

3CO, three-column osteotomy; BMP, bone morphogenetic protein; EBL,
estimated blood loss. Results are shown as mean + standard deviation or
numbers (%).

Table 4. Health-Related Quality of Life Scores of Patients Between
Groups.

Variables Time-point
No NC group

(n ¼ 86)
NC group
(n ¼ 20) P-value

NRS neck Baseline 6.9 + 2.4 7.0 + 2.1 0.86
Final follow-up 4.39 + 3.2 4.30 + 3.2 0.92
Change �2.5 + 3.1 �2.7 + 2.8 0.82

NDI Baseline 50.2 + 17.9 50.6 + 16.9 0.92
Final follow-up 37.5 + 22.9 43.4 + 21.7 0.29
Change �12.4 + 15.2 �7.3 + 19.8 0.29

mJOA Baseline 13.0 + 2.7 14.4 + 2.2 0.04
Final follow-up 14.3 + 3.0 13.5 + 2.6 0.26
Change 1.4 + 2.3 �0.9 + 2.3 <0.001

EQ5D Baseline 0.73 + 0.06 0.74 + 0.07 0.44
Final follow-up 0.78 + 0.09 0.77 + 0.05 0.74
Change 0.05 + 0.09 0.03 + 0.08 0.41

NRS, numerical rating scale; NDI, neck disability index; mJOA, modified Japa-
nese Orthopedic Association. Results are shown as mean + standard
deviation.

Table 5. Other Complications and Reoperations in Patients of the
2 Groups.

Variables
No NC group

(n ¼ 86)
NC group
(n ¼ 20) P-value

Total number of complications 91 16
Major/minor 33/58 7/9 0.57

Total patient affected 47 (54.7%) 10 (50%) 0.71
Complications types
Cardiopulmonary 7 (8.1%) 1 (5%) 1
Dysphagia 12 (14%) 1 (5%) 0.45
Electrolyte 2 (2.3%) 0 (0%) 1
Gastrointestinal 2 (2.3%) 1 (5%) 0.47
Infection 10 (11.6%) 1 (5%) 0.69
Instrumentation 6 (7.0%) 0 (0%) 0.59
Operative 5 (5.8%) 3 (15%) 0.17
Radiographic 4 (4.7%) 3 (15%) 0.12
Vascular 3 (3.5%) 0 (0%) 1
Death 1 (1.1%) 0 (0%) 1

Total number of reoperations 15 3
Total patients affected 13 (15.1%) 3 (15%) 1
Reoperation types
Infection 6 (7%) 1 (5%) 1
Implant related 4 (4.7%) 0 (0%) 1
Operative 0 (0%) 1 (5%) 0.19
Radiographic 2 (2.3%) 1 (5%) 0.47
Others 1 (1.2%) 0 (0%) 1

Results are shown in numbers (% of the group).
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recovery patterns of the neurological complications in ACD

patients undergoing operative intervention. The overall inci-

dence of the neurological complications was high at 18.9%,

and 68.2% of them were major complications. Not all the neu-

rological complications required reoperation, and the reopera-

tion rate of the whole cohort was 3.8%, with only 20% of the

neurological complications requiring reoperation. We found

that the timing of neurological complications differed accord-

ing to types. The nerve root motor deficits were frequently

identified within 30 days of surgery, whereas the sensory def-

icit and radiculopathy were frequently identified after 30 days

of surgery. The recovery rate from neurological complications

was 90.9%. Most of the recoveries occurred in the first

6 months, and the recovery continued even after 12months from

the index surgery. The neurological complication type, timing,

and type of intervention were not significantly correlated with

recovery. Recent studies also reported a high incidence of neu-

rologic complication. Passias et al.25 reported a 24.4% mixed

surgery- and medical-related neurological complication rate

among 123 ACD patients during 1-year follow-up. Koller

et al.23 reported 25% nerve root irritation and 20.9% segmental

motor deficit rates among 88 patients at a mean follow-up

duration of 26.4 months. However, the timing and recovery

pattern were not addressed in both studies. Other studies

reported the incidence of neurological complications that ran-

ged from 13.5% to 28.9%,7,20,23-27 andmost of them had a retro-

spective design with a small case number.

Among the risk analysis, we found that there were no demo-

graphic or radiographic risk factors of neurological complica-

tions. Two surgical procedures were found to be associated

with lower rates of neurological complications. The NC group

had significantly fewer cases of posterior foraminotomy and

anterior corpectomy than the no NC group. One of the possible

reasons for this is that most of the neurological complications

in our cohort are nerve root related, and the posterior forami-

notomy creates adequate nerve root decompression, thereby

avoiding iatrogenic foraminal stenosis during correction. Many

reports had addressed the importance of prophylactic forami-

notomy over C4-C5 and C7-T1 levels in preventing post-

operative C5 palsy and C8-T1 radiculopathy in ACD

patients.28-31 Although prior studies reported a positive corre-

lation between increasing corpectomy levels and the incidence

of C5 palsy,32,33 our result showed contradicting results. One

possible reason is the low 3CO rate in patients undergoing

anterior corpectomy in our study. In the subgroup analysis of

our study, 21 patients underwent anterior corpectomy, and

none of them underwent posterior 3CO at the same time (p ¼
0.006). Another possible reason is that the anterior corpectomy

was performed through a distraction force between vertebral

bodies, which increased the axial height to increase foraminal

height and wide anterior decompression of the anterior dural

sac and nerve root. Therefore, the possibility of iatrogenic for-

aminal stenosis after anterior corpectomy is low, thereby caus-

ing less nerve root injury.

Prior studies had reported that patients who had under-

gone posterior 3CO of cervicothoracic junction had good

radiographic and clinical outcomes but they have a high inci-

dence of complications.19,20 Theologis et al.19 reported an

overall complication rate of 60% in ACD patients undergoing

3CO of lower cervical levels. They found that 3CO performed

over the upper thoracic levels had a lower complication rate

than that performed over the lower cervical levels (27.3% vs.

60%). Smith et al.20 reported similar results, reporting an over-

all complication rate of 56.5% 3CO and neurological compli-

cation rate of 17.4% among 23 ACD patients who underwent

3CO. In our study, the patients who underwent 3CO had higher

neurological complication rates than those who did not (27.3%
vs. 16.7%, p ¼ 0.26), but the difference was not significant.

This may be because most 3CO procedures were performed

over the upper thoracic level (90.9% over T1-T4). This could

also be attributed to the level of experience among the partici-

pating surgeons in our study.

The surgical approach types had been reported to be corre-

lated with overall complications.22,24,26,34 Grosso et al.22

reported that the combined approach had the highest complica-

tion rate than the ventral-only approach in the cervical kyphosis

population. The ventral-only approach also had better neurolo-

gical outcomes in terms of mJOA scores than the combined

approach. Smith et al.26 also reported a higher early complica-

tion rate in combined and posterior approaches than in the

anterior approach. The possible reasons may be due to the

substantially longer surgical time, greater magnitude of cervi-

cal alignment (cSVA), a higher number of fusion levels, and

greater magnitude of correction for combined approaches.

However, there was no difference in the new onset of neurolo-

gical complication between the approaches.26 In the present

study we found similar results, in which the risk of neurological

complications was not increased in the different surgical

approaches.

The other surgical factor that was significantly different

between the NC and no NC groups is steroid use. Our study

showed that perioperative steroid use was more common in the

NC group. Although there had been no established evidence

showing that perioperative steroids could protect the nerve

injury from surgery,30,35 45.3% and 70% of patients still

received steroids in the no-NC and NC groups, respectively.

Another significantly different surgical outcome is the length

of hospital stay; patients with neurological complications had a

longer length of hospital stay than those without such compli-

cations. Additionally, we did not find any differences in the

HRQOL outcome in NRS, NDI, mJOA and EQ5D scores at the

final follow-up. However, the NC group had a worse neurolo-

gical outcome in the mJOA scores at the final follow-up than at

baseline. This is because these patients did not have complete

recovery from neurological complications. Two and 6 patients

had no recovery and partial recovery, respectively, from neu-

rological complications.

The prospective multi-center design of our study increases

the generalizability of the result and ensures the capturing of

any new neurological complications to reflect their true inci-

dence. With proper understanding of the types and incidence of

neurological complications, we can more accurately identify

Kim et al 5
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modifiable preoperative risk factors. We reported 2 surgical

protective risk factors, although the mechanism of the posterior

foraminotomy and anterior corpectomy and its association with

post-operative neurological complication was still unclear. One

should consider performing these procedures in suitable

patients to minimize the risk for neurological complications.

Further studies comparing specific risk factors and clarifying

their associations with complication types and recovery pat-

terns may help better understand the correlation in individuals

with different cervical deformities.

The present study does have some limitations. First, we did

not report the grading of motor deficits. The recovery from

motor deficits could not be evaluated, and the comparison with

preoperative neurological status could not be performed. Sec-

ond, the included cohorts were those who underwent surgeries

performed by experienced deformity surgeons in specialized

institutions. Therefore, our results should be interpreted with

caution when applied to cervical deformity surgeries in

general.

Conclusion

The incidence of neurological complication was 18.9%. The

recovery rate from neurological complication was high, with

most of the recovery occurring within 6 months and continuing

even after 12 months. Only 1.9% of patients had continuous

neurological complications. Among patients with neurological

complications, the neurological outcome worsened, but the

HRQOL outcome was not different compared to those of the

patients without neurological complications. Our study data is

valuable to surgeons and patients to help them become more

aware of details about the neurological complications before

performing or undergoing aggressive surgeries.
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